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5 i. EXPANDABLE CONNECTOR - : ^ ' c ; •■ • • 

Background of the Invention 
This invention relates generally to weUoore casings, and in particular to 
wellbore casings that are formed using expandable tubing. 

Conventionally, when a wellbore Is treated, a number of casings are 
5 installed in the borehole to prevent collapse of the Borehole Wall and to prevent 
undesired outflow pf drilling fluid into the formation or inflow £f fluid from the' 
formation into the borehole. The borehole is drilled in intervals whereby a 
casing which, isto be installed in a lower borehole interval is iowered'through a 
previously installed casing of an upper borehole interval. As a consequence of* ' 
10 this procedure the : casing of the lower interval is of smaller diameter &an the 
casing of the upper interval: Thus, the casings are in a nested arrangement witn 
ca ^ff $Uam^ter^;de^^mgsin downward direction. Cement annuji are 
provided between the^ou^ to g ^ 

the casings from the borehole wall. As a consequence of this nested uT : 
15 arrangement a relatively Jaige*orehole diameter is required at the upper part 
of * he weUbore. Su,ch a largs bdrehoje diameter involves mcrea&d costs due to 
heavy casing handling equipment^ large drill 'bil»'a^&cra^''vblum%s' of 
drilling fluid and drill cuttmgs J rMoreover > mcrea^ is involved 

due to requfred cedent pump m& cementih - 
20 changes due to large variations: in hole diameto driflea ffi the course of" the 
weU, and thgjlarge volume of cuttmg&6m^ax&^^oved. , • ; - " 

Conventionallyj at the i^urfac?. end of thS%eub6 < re ! ; a wellhead is formed ? ' 
tha^typicaUymdudea asurfa^ 

spools, yalying, and a Christmas tree; ,^1ypieauy the'weU&eaa fui^lr mdudes'a 
25 concentric arrangement pfcasmgs m^ 

more intermedjate casings, , The casings are ^icaUy^pp^orW-v^^loaa ; 

bearing.slips posifo^ conventional design and : ' 

construction of wellheads is expensive-and complex. ' ' ' *- 1 '' 

Conventionally, a welworecasmg^touihot b^iTorm^dmTngWdriuing of 
30 a wellbore. Typical/the weUbore isdrmed and 
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formed in the newly drilled section .of the wellbore/ This delays the completion 
ofaweil. i.t. ; v •.,;:>*■"- 

The_ present i^yention^is^directed to overcoming one or m6re of the 
limitations of the existing procedi^es^or forming wellbores and wellheads. ' 1 
5 f ■ . j Summary of the Invention * * - 

According po one aspect of the present invention, a method of forming a* 
wellbore. casing 4s provide^ that, includes installing a tubulkr liner ahd a ' L - { 
mandrel in the borehole, injecting fluidic material into the borehole, and 
radially expanding the liner in the 4 borehole by extruding the liner off of the 

10 mandreL .... , , \> =,„v ,> . r * ' 

^ Acpqv^ aspect #£thevpresent invention, a method of ' Kj 1 

fqi-mujg a wellbore casing is provided that includes drilling out a iifew section of 
the borehole adjacent to the already existing casing. A tubular line* and a 
mandrel aire thep pl^ed djitp ,tl^e new section of the borehole with the tubular ^ 

15 liner overlapping an already existing casing. A hardenable fluidic sealing 

material is : injected into an annular region ibetween^the tubtdar liher tK^ ^ 
new section of the^ ^OTehple^- The annular region.between the tubular liner an^^ 
the new section of ^the borehole is then fluidicly isolated from mi interior region 
of the tubular ^e^b€sio?v^hft mandrel. Anon hardettable fluidic material is r * ^ 

20 then injected into the interior region pf the tubular liner 'below the mandreL 
The tubular liner is extamded off ofjhhe mandrel/ The 6vc*lap bet^ecfn the * " 3 *- 
tubular liner and the already existing casing is sealed*: r the itibuhfr Hhfer is ^ ' 
supported by overlap with the already existing casing. The mandrel is r&moved 
from the borehole. The integrity of the seaj of the overlap between the tubular 1 

25 liner and ^ 6f the second 

quantity of the hardenable fluidic sealing material 6 removed from the interior ° 
of the tubular Upjefy .Thjg, remain in g portions of the fluidic hardenable fluidic 
sealing material are cur^d. >At least a portion of cured fluidic hardenable sealing 
material within the tubular liner is removed. ■ ■ ,l. < r r > 

30 According to another aspect of the pnesenfcinvehtion, an apparatus for 

expanding a tubular member is provided that includes a support member, a 1 
mandrel, a tubular member, and a shoe. The support memb r includes a first 
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fluid passage. The mandrel is coupled, to the support member arid includes a - 
second fluid passage. The tubular member is coupled to the mandreiv The shoe 
is coupled to t^e tubular lmer and includes < 
second and third fluid passages are operably coupled, 
5 According to another aspect of the presentinyention, an apparatus for 

expanding a tubular member is provided that includes a support member, an 
expandable mandrel, a tubular member, a shoe, and at least one sealing - 
member. The support member includes a first fluid passage, a second fluid 
passage, and a flow control valve coupled ^the first and second fluid passages. 
10 The expandable mandrel is coupled t^the support member and includes a third 
fluid passage. The tubular n^ember is coupled to the mandrel and includes one 

S ts« Tli© shoe is coupled to the tubular member and » 

includes a fourth fluid passage. The at JeasJt,o R e sealing member is adapted to 
prevent the entry of foreign material intq an, interior region of the tubular 
15 member. . r . 

According to another aspect of the presen.t invention, a method of joining 
a second tubular member to a f^t tubular memb^^^ 

having an inner diameter greater than an outer diameter of the second tubular 
member, is. provided that mdudea p^sitionflag a mandxel vrfthinian interior 
20 region of the second; tubular ^ member, A portion of*n interior region of the -, 
second tubular member is pressurized and the second tubular member is - 
extmded off of ^ e rnandrel into engagem^vdth ^e first tubular member. 

Aixordingtoano^eras^ ,.. 
provided ^ includes an annular 
25 at an end portion of the annular member, anyone or more pi^itte rehef 
passages at an end portion of the annular member. 

According to another aspect of the present invention, a wellbore casing is * 
provided that includes a tubular lin^ a^d an annular body of a cured fluidic 
sealing material. The tubular liner is formed by the procesa of extruding the 
30 tubular liner off pf a mandrel. 

According to another aspect of the present mvention, a tie-back liner for 
hning an existing weUbore casing is provided that includes a tubular liner and 
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an annular body of cured fluidic sealing material. The tubular liner is formed 
by the process of extruding the tubular liner off of a mandrel; The annular 
body of a cured fluidic sealing material is coupled to the tubular liner. 

According to another aspect of the present invention, an apparatus for 
5 expanding a tubular member is provided that includes a support member, a 
mandrel, a tubular member and a sh6e. The support member includes a first 
fluid passage. The mandrel is coupled to the support member. The mandrel 
includes a second fluid passage operably coupled to the first fluid passage, an 
interior portion, and an exterior portion. The interior portion of the mandrel is 
10 dnllable. The tubular member is cdupled to the mandrel. The shoe is coupled 
to the tubular member. The shoe r included a third fluid passage operably 
coupled to the second fluid passage, an interior portion, and an exterior portion. 
The interior, portion of the shoe is drillable. ; r i Sr 

According to. anoth^ 
15 provided that includes an outer casing and a plurality of concentric inner - 
, casings coupled to the outer casing. Each inner casing is supp>oii^ by con 
pressure between an outer surface' of the inner casing and an inner surface of 
the outer casing. V ' . - : " *7 

According to another aspect of the pires en t invention, a wellhead is - * 
20 provided that include an outer casing; at least partially positioned within a 

wellbore and a plurality of substantially concentric inner casings coupled to the 
interior surface of the outer casihg. Okie or more of the inner casings are 
coupled tp the outer casing by 7 expanding one or more of the inner casings into 
contact- with at least a portion Of ;the interibr surface of the outer rasing. 
25 According to another aspect of the present invention, a method of 

forming a wellhead is provided that includes drilling a welibore/ An outer 
casing is positioned at least partially within an upper portion of the wellbore. A 
first tubular member is positioned Within the outer casing. At least a portion of 
the first tubular member is expanded into contact with an interior surface of 
30 the outer casing. A second tubular member is positioned within the outer 
casing and the first tubular member. At least a portion of the second tubular 
member is expanded into contact with an interior portion of the outer casing. 
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According to another aspect of the present invention, ah apparatus is ' 
provided that includes an outer tubular member; ■ and a plurality of 
substantially concentric and overlapping inner tubular members coupled to the 
outer tubular member. Each inner tubular member is supported by contact 
5 pressure.between an outer surface of the inner casing and an iiiner surface of 
the outer inner tubular member. *. ■. ■ 

According to another aspect of the present invention, an apparatus is 
provided that includes an outer tubular member, and a plurality of • 
substantially concentric inner tubular membersVcoupled to the interior surface 
10 of the outer tubular member by, the process of expanding one or more of the 
inner tubular members into contact with at least a portion of the interior •"»'■'«' 
surface of the outer tubular member. •< . 

» ■■: ^Ace^rding to another aspect of the present invention, a wellbore casing is 
provided that includes a first tubular member, and a second tubular member 
15 coupled to the first tubular member in air overlapping relationship. The inner 
diameter of the first tubular member is substantially equal to the inner 
diameter , of the. second tubular member. ^ ■■ ' . 

According to another aspect of the present invention, a wellbore casing is 
provided that includes a tubular member including at least one thin wall section 
20 and a thick wall section, and a compressible annular member coupled to each 
thin wall section^, -..r- ; : ■ ;.:.!■ ' ' r" ■. 

According to another aspect of the present invention, a method of 
creating a casing in a borehole located in a subterranean formation is provided 
that includes supporting a tubular liner and 'a mandrel in the borehole using a 
25 support member. A fluidic material is injected into the borehole. An interior 
region of the mandrel is pressurized. A portion of the mandrel is displaced 
relative to the support member. The tubular liner is expanded. 

According to/another aspect of the present invention, a ? weUbore casing is 
provided that includes a first tubular member having a first inside diameter, 
30 and a second tubular member having a second inside diameter substantially 
equal to the tot inside diameter coupled to the first tubular member in an 
overlapping relationship. The first.and second tubular members are coupled by 
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the process cf deforming a portion of the second tubular iiember irito contact 
with a portion of the first tubular member * : - '< *v 7 

According to another aspect 4 of the present invention, an apparatus for « 1 
expanding a tubular, member is provided that includes a support member ' - 
5 including a fluid passage, g. mandrel mdvably coupled to the support member ' * 
including an expansion cone, at least one pressure chamber defined by and * 
positioned between the support member and mandrel fluidicly coupled to the 
first fluid passage, and one or more xeleasable supports coupled to the support 
member adapted to support the tubular member! * 

10 According to another aspect of the present invention, ad, apparatus is : 

provided that includes one or more solid tubular members, each solid tubular 
member including one or more external seals, one or more slotted tubular 
members coupled to the solid tubular members, and a shoe coupled to^one of the 
slotted tubular member^:^'; r -iv 5 - v. ". i ^ - 

15 According to another aspect of the present invention, a method of joining 

a second tubular member to a first tubular member, the first tubular member - ; ' 
having an inner diameter greater than an outer diameter of the second tubul&r 
member is provided tha^ includes positioning a mandrel within an interior 
region of the second tubular member. A portion of the interior region of the 

20 mandrel is pressurized. The mandrel is displaced relative to the second tubular 
member. At least a portion of the second tubular member is extruded off*of the 
mandrel into engagement with the first tubular member. 

Accqrding to another aspect of the present invention, an apparatus is ' - 
provided that includes one or more pjimary sohd tubulars, each primary solid 

25 tubular including one or more external annular seals, n slotted tub ulars coupled 
to the primary solid tubulars v n-1 intermediate solid tubulars coupled to and 
interleaved among the , slotted tubulars, each intermediate solid tubular 
including one or more external annular seals; and a shoe coupled to one of the 
slotted tubulars. r v; ■ ^ * 

30 , According tq another aspect of the present invention, a method of 

isolating a first subterranean zone from a second subterran an zone in a 
wellbore is provided that includes positioning' one or more primary solid ^ : 
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tubulars within the wellbore, the primary sohd tubuiafs Waver^ing the first 
subterranean zone. One or more slotted tubulars are* also positioned within the 
wellbore, the slotted tubulars traversing the second WoWratiean zone. The 
slotted tubulars and the solid tubulars are fluidicly coupled. The passage of 
5 fluids from the' first subterranean zone to the second subterranean zone within 
the wellbore external to the sdlia and slotted tubulars is prevented ' 

According to another aspect of the present invention, a method of 
extracting materials from a producing subterranean zone in a wellbore, at least 
a portion of the wellbore including a casing, is provided that includes '«*<' 
10 positioning one or 'more primary solid tubulars within the wellborel' The 
primary solid tubulars with the casing are fluidicly coupled. One or more 
slotted tubulars are positioned within the wellbore, the slotted tubulars * 
traversingthe producing subterranean zone. The slotted tubulare are fluidicly 
■m coupled with the sbtid ^ 

.15 isolated from at least one other subterranean zone within the^welibore^ At least' 
s one of the slotted tubulars is fluidicly isolated from the producing subterranean " 



zone. •. 



; ii - According to another aspect of the present invention/a method of 
creating a casing in' a borehole while also drilling the borehole is"also%f ovided- 

20 that includes installing a tubular liner, a mandrel, and a drilling assembly tn+* 
the borehole. A fluidic material is mjected within the tubular liner, mandrel ^ 
and drilling assembly. At least a portion of £he tubular liner is radially *i 
expanded while the borehole ft' drilled using' the druling assembly. In a * 
preferred embodiment; the injecUihg includes injecting the fluidic material it 

25 within axi expajidabiel&stfibeTh "•• ^ ■ ' X ' r ■ .,- 

According to another' aspect of the present invention, an apparatus is 
also provided that includes a support member, the support member including a 
first fluid passage; a mandrel coupled to the support member," the mandrel ' 
including: a second fluid passage; a tubular member coupled to the mandrel; 

30 and a shoe coupled to the tubular liner, the shoe mduding a third fluid passage; 
and a drilling assembly coupled to the shoe; wherein the first, second and third 
fluid passages and the drilling assembly are operably coupled? ' " 
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According to another aspect of th^ present iijvetitioji, afmethod. Qf 
forming an underground,pipeline within an underground tunnel including at 
least, a first tubular menxber and a second tubular member/.^e iii^t tubular 
member having an innpr diameter greater than an outer diameter pf the Second 
5 tubular member, is also provided that includes positioning the first tubular ,;I 

member within the tunnel; positioning the second tubular member within the 

[ . - 

tunnel in an overlapping relationship with the, first tubular member; t 

positioning a mandrel and a drilling assembly within an interior region of the ; 

second tubular memb^; injecting a fluidic material within the mandrel • drilling 
10 assembly and the second tubular member; extruding at least a> portion of the 

second tubular member off of the mandrel \xxto engagement with the first) 

tubular member: and drilling the tunnel. . ^ 

According^ to another aspect of the present mventipn, axx, ^ppara£ii& is ^ i i 

also provided that includes a w^llb^r^ ?i the wellbore formed by the process of - - 
15 drilling the wellbore; and a tubular liner positioned within the wellbore, the r 

tubular liner formed by the process of extruding the tubular liner off of a * 

mandrel while drilling the wellbore. In a preferred embodiment, the tubular; 

liner is formed by the process o£ placing the, tubular liner apcj mandrel within 

the wellbore; and pressurizing an interior portion qf the tubular liner , 
20 According to another aspect of the present invention, method of i 

forming a wellbore casing in a wellbprp is also provided;that includes drilling r* ^ 

out the wellbore while forming the wellborn casing. ^ ■ r _ ff 

According; to another aspect of the present invention, a method of *■:.-■■■-* r< 

expanding a taibular memb<^ a mandrel within 

25 the tubular member, pressurizing an annular region : >vithin the tubular ut ; 

member, and displacing the mandrel with respect tp the, tubular member. 
According to another aspect of the present invention, a method of . 

coupling a tubular member to preexisting, structure is provided that includes )?. 

positioning the tubular member in an overlappmg relationship to the ; 
30 preexisting structure, placing a mandrel within the tubular member, • .- , 

pressurizing an annular region within the tubular member, and displacing the . 

mandrel with respect to the tubular member. :•...-.»., r . 
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According to another aspect ^of the -pri^eiit invention, a methbdbf ' 
repairing a defect in a preexKt^gfs^cture fusing a tubular member is provided 
that includes positioning the tubular member in ah overlapping relaWsMp id 
the defect in the preexisting structure, placing a mandrel witfuVtnVtubular 
5 member, pressurising an annular region within the tubular member, 1 and 
displacing the mandrel with respect to the tubular member! 

According to another aspect of the present inventiori, an apparatus for 1 * 
radially expanding a tubular"m«mber is provided that includes a first tubular 
member, a second tubular member positioned within the first tubuhir member, 
10 a third tubular member movabjy coupled to and positioned within the second 
tubular member, a first annular seaung member for sealitfg'an mterface 
between the first and second tubular members, a second annular sealing 
* &-•••> ^ifitob^sfciRBealiKg an interface between the second and third tubular '* 
:-r members, and a mandrel*positi6ned'witKm s 
15 coupled to an end of the third tubular member. ;:■ • . • « - t l ^jfv <\ 

According to another aspect of the present invention, an apparatus is 
, provide<i,that includes a tubular member, a piston adapted to expand the 
o diameter of the tubular member pos^ m 

; annular chamber defined by the piston and tubular member. the pi&ton 
20 .mcludes a passage for cdnveying fluids but of foe tubular member. L 1 

According to another aspect of the present invention; a wellbore casing is 
, provided thafcmdudestatot tubular memb 
coupled to the first tubular member. The sefebid tubular, member is coupled to 
the first tubular member by the process bf: positioning the second 'tubular 
25 member m ac bverlappmff relcitibnsnip to tHelfirst tubular member, placing a r 
mandrel within the second tubular meinber, pressurizing an annular region 
within the second tubulartineinl»ei : ;iand { disi»la^ ffie inand^ } wiai' respect to 
the second tubular member. -\: i : ? 

According to another aspect of the pi^ent invention, an apparatus is ' 
30 Provided that mdudesiapreexistmg structitfeajitf 

the preexisting structure. The tubular member is coupled to the preexistihg 
structure by the process of: positioning the tubular member in an overlapping 
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relationship to the pr,e|msting y st^^ure, placing a mandrel witbi& the tubular 
member, pressurizing an ann ulac, region : witiun the tubular rinember,, and '.y> 
displacing the mandrel .witji. respect to the tubular member. . • . . < ; c' 
, According: to anpther . ^pect^f,the present invention^-an apparatuses 
5 provided^ thgit includes , a preexisting structure Jiayiug a defective portion, and a 
tubular member coupled to the defective portion of the preexisting structure. ; 
The tubular member js coupled, to the defective portion of the, preexisting 
structure by the process of;; positioning the tubular member in antnverlapping 
relationship to the defect in the preexisting structure, placing a mandrel within 
10 the tubular member, pressurizing an annular region within the, tubular 
member, , ptnd displacing the mandrel with r^espect to the tubular member: 
According to another aspect of the present invention, a method of 
< expanding a tubular member is provided that includes placing a mandrel -within 
the tubriar me^^ 
15. displacing the mandrel with respect to the tubular member. 

According to another aspect of the present invention, a method of 
coupling a tubular.member to preexisting structure has been^provided that 
includes positioning th^ tubular member in ^ overlapping relationship to the 
preexisting structure, placing a mandrel within the tubular member, > ■ - 
20 pressurizing an interior region vithin th^ tubular member* and displacing the ' 
mandrel with respect ^^rtubul^ii^enib^r. s ^ 

According to a^c^ \ 
repairing a defect in a.pree^ting ; st™cti^ is provided 

that includes positioning the t tubular member in an overlapping relationship to 
25 the defect in the preexisting structure, placing a mandrel within the tubular . j v. 
member, pressurizing an, interior region within the tubular member, and ~ ' * 
displacing the m^drel, with respect & the tubular member, ; > " ^ . > 

According to another aspect of the present invention, an apparatus for - 
radially expanding a bubular member is provided that includes a first tubular 
30 member, a second tubular member coupled to the first tubular member, a third 
tubular member coupled , to the. second tubular member, and a mandrel- 7 
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positioned within the second.tubular, member and coupled to -an'end' portion of 
the third tubular member.'. ■ . 1 • ' -. ; ;» . "•■ • ! . ci 

According to another aspect of the present invention, ah apparatus is 
provided that includes a tubular member, a piston adapted to expand the 
5 diameter of the tubular member positioned ►within the tubular member, the 
piston including a passage for convey^ fluids' out of the tubular member. 

f ; . ^^rding to another aspect of the present invention, a wellbbre casing is 
provided that includes . a first tubular,member and a second tubular member 
coupled to the first tubular member. The second tubular member is coupied to = 
10 the first tubular member by the,process of: positioning the second tubular 
member in an overlapping relationship : tq the first tubularthember, placing a 
mandrel within the second tubular member, pressurizing an interior region ' ?: 
within the second tubular member, and displacing the mandrel with respect to - 
i; . the second tubular member. ; ^rvrc ?. ~. % 

15 v . Accorumg,to.another aspect of the present invention; ari apparatus 'is : 
provided that includes a preexisting structure and & tubular member coupled tif 
the preexistmg f structure. The tubular.inember is coupled to the preexisting ^ 
structure by the process of: positioning the tubular member i±i an overlapping * 
relationship to the preexisting structure; placing a mandrel within the tubular ' 
20 memb^pressur^mg ^ ^jjj 

msplacing |he f mandr,e^^ the tubular memberj- 1 * 'i- -'-.< ^ 

According to ano^erjaspectflf the present myehtionv^' apparatus is 
provided l£at : mdud^ 

tubular member coupled to the defective portion of the preexisting structure: 
25 The tubular member ia coupled to the teti^ve-pat^W^faeekiB^g* 
structure by the process of: i»sitioning the tubular member in ^overlapping 
relationship to the defect m tiie preexistuuj stmcture*^ a mandrel within 

the tubular member,; pressurizing an interior region within the tubular 1 : 5 
member, and displacing the mandrel with respect to the tubular member. ~ 
30 : Accoirdn^g to another aspect of the invention, an apparatus is pr vided 

that includes a first tubular member, a second tubular member, and a threaded 
connection for coupling the first tubular member to the second tubular 
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member. (The threaded connection, includes one or-inore sealing Members for 
sealing the interface between the first and second tubular members." ' :y 

According! to another aspect of the present invention, an apparatus is 
provided that includes a tubular assembly having a first tubular member, a 
5 second. tubular member, -and a threaded^connection Tor coupling the first ' 
tubular m ! ember : to 1 the second tubular metnbet. The threaded connection 
includes otf$ or more sealing members for sealing the interface bcitw&en the first 
and second tubular members. The tubular assembly is formed by the process of 
radially expanding the tubular assembly. - *" 

10 According to another aspect of the present invention, an apparatus is 

provided that includes a' tubular member afcid & mandrel positioned within thk 
tubular member that includes a conical surface have an angle of attack ranging 

, , frqm about lO.to 30 degrees: ^ - a ~ - v.rv «.. .. ^^u? ^o^^.^^^^rn' 

Brief Description of the Drawings ' - ^ ; 
15 : s FIG f l is a fragmentary cross-sectional vieW illustrating thfe drilling of a 
new section of a well borehole. T • •** : s - ^ c 

FIG. 2 is a fragmentary cross-sectional view illustrating the placement of 
: an embodiment of an apparatus for creating a casing witbin the ^ he^ sediBn of 
c the well borehqle; ^ - ., ^ :ur\>f *.r y sa/ ' 33.1c . ;,,5 *» ■ 

20 FIG. 3 is a fragmentary cross-sectional view illustrating the injection ofa 

, first quantity of a fiui die material into tkLe new section of the weU WbrfehbleV 4 
FIG. 3^ is aether fragmentary cr oss-se£tional view'Mu^^M^ the 
injection^f a first quantity o£a hardenable flui<hc sealing material iiito the new 
section of thp well bprehoie.t; v . ^ ^ ^ ^ ^ " • - ; " 

25 FIG. 4 is a fragmentaiy^ ^oss-sectional view'iU the injection bf a 

second, quantity of a fluidic material into the iiew s^ctioh bf the well borehole. 

; , ;FIG. 5 is a fragmentary cross-sectional view iUustratiiig tfle drilling biit 
of a portion of the cured h^trdenable fluidic seeding material from ® new r 
section of Jewell borehole. , f : !i : - rir* : - i - 

30 FIG. 6 i$ a cross-sectional vi^w of an embodiment of th^overlapping joint 

between adjacent tubular members. ; : j r < r : . " 
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FIG., 1) is a fragmentary cross-sectional view of a preferred embodiment 
of the apparatus for creating a casing within a well borehole: 1 1 ; 

FIG. &is a fragmentary cross-sectional iUusfratibn of the placement of an 
expanded tubular member within another ^tubular member. 
5 FIG. 9 is a cross-sectional illustration of a preferred einbodiment <>f an 

apparatus for forming a casing including a drillable mandrel and shoe. ' 

FIG. 9a is another cross-sectional illustration of the apparatus of FIG 9. 
FIG. 9b is another cross-sectiona! illustration of the apparatus of FIG. 9. 
FIG. 9c is another cross-sectional illiistratibn of the apparatus of Flti; 9. 
10 FIG. 10a is a cross-sectional illustration of a wellbore dncluding'a pair of 

adjacent overlapping casings. J '* ^ 

FIG. 10b is p. cross-sectional illustration of an apparatus and method for 
creating a tie-back liner using an expandable tubular member. 

s FIG. 10c is. a cross-sectionafciiitis^ pumping of a fluidic 

15 sealing material into the annular region between the tubular member and the" 
existing casing. 

FIG. lOd is a cross-sectional illustration of the pressurizing of the 
interior of the ^bular m . i 

FIG. lOe is a cross-sectional illustration of the extrusion of the tubular 
20 member off o£ jtf^e mandrel. , m > r vf4 , ; ; ; i ; • 

FIG. lOf is a cross-sectional illustration of the tie-back liner before 
drilling out the shoe and packer. ^ ■ v i 

FIG. lOg is a cross-sectional illustration of the completed tie-back liner 
created using an expandable tubular member. t Vi . ^ ^ g, Y' ; . 
25 FIG. 11a is a fragmentary cross-sectional view illustrating the drilling of 

a new section of a vyell borehole. 

FIG. lib is a fragmentary, gross-sectional view illustrating the placement 
of an einbodiment of an apparatus for hanging a tubular liner within the new 
section of the well borehole. 
30 FIG. 11c is a fragmentary cross-sectional view illustrating the injection of 

a first quantity of a hardenable fluidic sealing material into the new section of 
the well borehole. : r 
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> v: , FIG. lid is a fragmentary crossrsectional view iUustrating the • 
introduction of a wiper dart into the new section of the well borehole. > ■ 

FIG. lie is airagme^taiy cross-sectional view illustrating the injection of 
a second quantity of a hardenable fluidic sealing material into* the new section 
5 of the well borehpje, < y . , ? r . 

FIG. llf is-a« fragmentary cross-sectional* view iUustrating the completion 
of the tubular liner. ? m , > 

FJG. 1 2 is a cross-sectional illustration of a preferred embodiment of a 
wellhead system utilizing expandable tubular members. ^ 
10 *-•...,-■ ^ ^ a partial crossrsectional illustration of a preferred embodiment 
of the wellhead system of FIG. 12. a 

FIG. 14a is an illustration of the formation of an embodiment of a mono- 
diameter wellbore casing, j • * ; f , ( m ^ ^ f ^ : .^ ^ - obv \* 

FIG ?1 14b is pother illustration of formation of the mono-diameter 
15 wellbore casing. , ^. *, i 

FIG. 14c is another illustration of the formation of the mono-diameter 
wellbore casing. . . J; i : J 

FIG. 14d is another illustration of the formation of the mono-diameter 
welbore casing, , , , : . :y x * ... ;. {>., . u 

20 FIG. 14e is another illustration of the formatioh of ttfe nWb-diameter 

welbore xasing. ; . . .,• 4\ ( >: i • • v.v . : " 

FIG. 14f is another illustration of the formation of the mono-diameter : 
welbore casing.; \j . •■ "; ,. ■ ■■< :" f ".j 

FIG. 15 is an illustration of an embodiment of an apparatus for " 
25 expanding a tubular member. - i v ^ - '•' 

FIG. 15a is another illustration of the apparatus nf FIG. 15. ■■' " ' - 

FIQ. 15b is another illustration of the apparatus of FIG. 15/ ; 

FIG. 16 is an illustration of ,an embodiment of ah apparatus foi- forming a 
mono-diameter wellbore casing. 
30 FIG. 17 is an illustration of an embodiment of an appiatatus for 

expanding a tubular member. C( * . . _ r . 

FIG. 17a is another illustration of the apparatus of FIG. 16. 
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E^G. 17b is another illustration of the apparatus of PIG. 16. 
FIG. 18 is an iUustration of an embodiment of an apparatus for forming a 
mono-diameter \yellbore casing. " 

FIG. 19 is an illustration of another embodiment of an apparatus for 
5 expanding a tubular pember. 

FIG. 19a is another illustration of the apparatus of FIG. 17. 
FIG. 19b is anotiter illustration of the apparatus of FIG. 17. 
FIG. 20 is an iUustration of an embodiment of an apparatus for forming a 
mono-diameter wellbore casing. .... .,y s, 

10 FIG. 21 is an iUustration of the isolation of subterranean zones using 

expandable tubulars. . . T . , , ; 

FIG. 22a is a fragmentary cross-sectional iUustration of an embodiment 
of an ^I^ ; for;fbn^g a weUbore casing wlule drilling a welbore. 

FIG. 22b is another fragmentary cross-sectional iUustration of the 
15 apparatus of FIG. 22a. , : , 

FIG. 22c is another fragmentary cross-sectional fflustiation of the 
apparatus of FIG- 22a, ; 

FIG. 22d is another fragmentary cross^sectional Ulustration of the 
apparatus of FIG. 22a. . ; , r ..,;,,^.. , .. : 

20 FIG. 23a is a fragmentary cross-section mustration of an bmbodiment 6f 

an apparatus and method fprexpanding tubular members. u j . . .. .< 

FIG. 23b is another fragmentaryiCross-Tsectional iUustration of the ' 
apparatuspf FIG. 23a. . ., f ,_ ; ^ ; .. c r ,■ 

FIG. 23c is another fragmentary cross-sectional mustratioh of the 1 
25 apparatuspf FIG. 23a.. ., 

FIG. 24a is a fragmentary cross-section iUustration of an embodiment of 
an apparatus and petiipd for expanding tufejilar members. 

FIG. 24b is anpther fragmentary cross-sectional iUustration of the 
apparatus of FIG. 24a. 

30 FIG. 24c is another fragmentary cross-sectional iUustration fthe 

apparatus of FIG. 24a.' , , . , 
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FIG. 24d is anothet fragipentary cross-sectional illustration of the 
apparatus of FIG, 24a. ; o> , ' - 1 fv K 

FIG. 24e is another fragmentary cross-sectional iilusfration of the 
apparatus of FIG. 24a. l , > 

5 FIG. 25 is a partial cross-sectional illustration of ah expansion mandrel 

expanding a tubular member. 

FIG. 26 is a graphical illustration of the relationship between 
L propagation pressure and the angle of attack of the expansion mandrel. 
FIG. 27 is a cross-sectional illustration of ah embodiment of an 
10 expandable connector. 

FIG. 28 is a cross-sectional illustration of another embodiment of an 
expandable connector. ; v:>^; 

..- FIG. 29 is a cross-sectional illustration of another embodiment of ititr^ i 
expandable connector. , jw ^-i:eow ^ -nri'i:- v\ V.^,,^ . 

15 FIG. 30 is a cross-sectional illustration of another embodiment of ah 

expandable connector, v > ■ 

Detailed Description of the Illustrative Embodiments 
An apparatus land method for forming a weUbore basing within a v > - : 
subterranean formation is provided. The apparatus and method permits i 
20 weUbo^re casing to* be formed in a subterranean formation by placing a tubular 
member and a mandrel in a new section of ■«» welffiore; &nd tMen extruding the 
tubular member off of the mandrel by presstrfizihg an interior portion of the 
tubular member. The apparatus and method further permits adjacent tubular 
members in £he wellbore to be joined using ah overlapping joint that prevents 
25 fluid and or gas passage. The apparatus and method further permits a new 
tubular member, to be supported by an existing tubular member by expanding 
the new tubular member into engagement with the existing thbulai- member. 
The apparatus and method further minimizes the reduction in the hole size of 
the wellbore casing necessitated by the addition of new sections of w T llbore 
30 casing. ' 

An apparatus and method for forming a tie-back liner using an ' ' 
expandable tubular member is also provided. The apparatus and method 
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permits a tie-back liner to be created by extruding*' tabular member off of a 
mandrel by pressurizing and interior portion of the tubular member, m' this 
manner, a tie-back liner is produced, the apparatus and 1 method further 
permits adjacent tubular members in the wellbore to be joined using an 
5 overlappingjoint that prevents fluid and/or gas passage: The apparatus and 
method further, permits a hew tubular member to be supported 1 by an existing 1 
tubular member by expanding the new tubular 'member into engagement with 
the existing tubular member. ; 

An apparatus and method for expahdmg it tubular member is also 
10 provided that includes an expandable tubular member, mandrel and ashoe^ In 
a preferred embodiment, the interior portions of the apparatas is composed of 
materials that permit the interior portions to be removed using a conventional 
drilling apparatus. In this manner, in the evehtof a malfunction in a downhole 
region, the apparatus. may !ber«asily : ram ' ' ■■■■ 

15 $ An apparatus and. method for hanging an expandable tubular liner in a h 

wellbore is also provided. The apparatus and method permit a tubular liner to 1 
be attached to aniexisting section of casing. The apparatus atfd method further 
have application to the joining df tubular meh^era m general. ' ' 
, - An apparatus and method for fornimg a wellhead system is also provided. 
20 The apparatusand method pennit a v^uliead ^e formed mcluding a number 
of expandable tubular members positioned in a concentric arrangement. The 
wellhead preferably mcludes an outer casing {^supports a piuraUry of /J 
concentric casings using contact pressure between the inner casings and the 
outer canng^The,i»Baltias ^elmead'^j^^elumiia^s- many of ttie spools 
25 conventionally required, reduces the height of t&e Christmas tree facffiteting 
servicing, lowers the load bearing areas of the wellhead resulting in a more 
stable system, and eliminates cosUy and expensive hanger systems. r 

An apparatus andvmethod for forming a mbno^iametet well casing is ' 
also provided* The apparatus and method permit the creation of a well casing 
30 in a wellbore having. a substantialryiconstaWt interna] diameter. In this 
manner, the operation of an oil or gas well is gre^tiy smiplified. 
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An apparatus and method .for expanding* tubular members is also : 
provideji. The apparatus and method utilize a piston-cylinder configuration* in 
which a pressurized chamber is used to drive a mandrel to radially expand 
tubular members. In this planner, higher operating pressures can be utilized. 
5 Throughout the, radial expansion process, the tubular member is never placed ' 
in direct contact t >vith the operatiag pressures. In this manner, damage to the 
tubular member is prevented while also permitting controlled radial expansion 
of the tubular member in a wellbore. ? 

An apparatus ,and method for forming a mono-diameter wellbore casing 

10 is also provided. The apparatus and method utilize a piston-cylinder 

configuration in which a pressurized chamber is used to drive a mandrel to 
radially expand tubular members. In^this manner, higher operating pressures 
can be utilized. Throughput the radial expansion process, the tubular member 
is never placed in direct contact witii ; the operatiogpressiires. In this tnartner, 

15 damage to the ^txibular mepaber is prevented white also permitting controlled 
radial expansion of the tubular member in a wellbore. 

An apparatus and method for i3olating one or more subterranean zones 
from one or more other; subterranean zones is also provided. The apparatus 
and method permits a producing zone to bg isolated from a nonproducing zone 

20 using a combination of solid and slotted tubtdau^. In the production Mode, the 
teachings of the preset displosur^ * 
conventional, weU known, jarod^Liction qon^pletion equipment and ntethods using 
a series pf packers sptid tubm^ sliding sleeves, which 

will be inserted into tl^e dbdose^ apparatus to permit the xommihgjing and/or 

25 isolation of .the. subterranean zpnes from^ch other^, > / j * ; • a r vv 

An apparatus pud method for forming a wellbore casing while the ' • ■ 
wellbore is drilled is also provided. In this manner, a wellbore casing can be 
formed simultaneous with the drilling put of a new section of the wellboFe. In a 
preferred embodiment, the apparatus and method is used in combination with - 

30 one or more of the apparatus at^d methods- disclosed in the present? disclosure 
for forming wellbore casings using expandable tubulars.' Alternatively, the > 
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. method and apparatus , can be usedtp create a pipeline or tunnel in a time 
efficient manner. , 

An expandable connector is also provided.. In a preferred 
implementation, the expandable connector is used ^conjunction with one or 
5 more of the disclosed^ 

manner, the expansipn, of a plurality of tubular members coupled to one 
another using theexpandaM , , 

■ In several al^rnatiye embodimente,.^ 
to form or repair wellbpre casings,, pipelines, and/or structural supports. 
10 Referring initially, to Figs. 1-5, an embodiment of ac apparatus 'and • - 

method for forming a wellbore casing vdthm a subterranean formatioiiWl now 
be described. As illustrated in Fig. 1, * wellbore 10C is positioned in a 
■ ""^SSW fe^SS 1 JMk. ; w ellbpre^00 indudws an existing cased 
section .110 h^ymg a tjubular casing l lS^d^ aimidar outer layer of cement 

15 120. , ... , . >; ._. rr . „. . v .. ( ; ,, .. 0 ?) 

In order to extend the wellbore 100 into the subterranean formation -105, 
a drill string, 125 is used in, a well ^ownmanner to drill out material from the 
subterranean formation, 105; to form a^new section 13Q; . • • y 

As fflustratedjn F4g, 2, an^apparatus 2Q0^or fonnmg a ^eHb^re casing in 
20 asubterrane^ formation is then ^ , : . 

weUbore ipO. The ^ apparatus ,200 preferably includes ^ or 
pig 205, a t^ular member 210 ? ^ 

seal 225, a fluid passage 230, a fluid passage 235, a fluid passage 240, seal* 245, 
and, a support member 25J). , - ,.v ,.-,v 

25 Theexpand^lem^^ t 

member ,250. The ex^able, ^drel f2 05 is preferably adapted to controllably 
expand in a radial direction. The expandable mafidrei £06 may comprise any 
nUmb ! r V^onal ^ c^mmerciaJly available expandable maiidrels modified 
in accordance with the teachings of th pi^ent disclosure. Itfa preferred - 

30 embodiment, the expandabl ma^drel^OS^omprises a hydraulic expansion tool 
as disclosed in U.S. Patent No. 5,348,095, the contents of which are < 
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incorporated herein by reference, modified in accordant with the Cachings of 
the present disdosxire. ' 

The tubular member 210 is supported by the expandable mandrel 205. 
The tubular member & 10 is expanded in' the radial direction and Wtriided off of 
5 the expandable ; mandrel 205.* The tubular member 210-may b^ fabricated from 
any number of conventional commercially available materials such as, for i 
example, Oilfield Country Tubular Goodaf^OCTG), 13 chromium stieel 
tubing/casing, or plastic tubing/casing. In a preferred eriibbdiment, the tubular 
member 210 is fabricated from OCTG in-order to maxiinize strength after 

10 expansion. The inner and outer diameters of the tubular member 210 may 
range, for example, from approximately 0.75 to 47 inches and 1.05 to 48 inches, 
respectively. In a preferred embodiment, the inner and outer diameters of ttte 
tubular member 210 range from about 3 to 15.5 inches strtct*3.5 to ifr inches; ^ f 1 
respectively i& order to optim^y ^ imniid^l^^Gop&tg effect iiithe most; 

15 commonly drilled wellbore sizes. The tubular member 210 preferably comprises 
a solid mepiber , ,. T - k "*>. -> ■ ' » ' 

In a preferred embodiment, the end portion 266 of the tubular 'member 
210 is slotted, perforated, or otherwise modified to catch or slow down"£he^ v 
mandrel 205 >vhen it completes the extrusion of tubular member 2l0. In a 

20 preferred embodiment, the length of the tubular ineinber 210 is limited to 

minimize the possibility of budding.- For tj^ical tubular member 210 materials, 
the length of the: tubular member 210* is preferably limited to between about 40 k 
to 20,000 feet in length... ■ > s> ■ ^ - 1 * *- v " x 

The shoe 215 is coupled to the expandable mandrel 205 and the tubular 

25 member 210. The shop 215 includes fluid passage 240; Tire slioe 215 may 

comprise any number of conventioii^ comiAereially available shoes such as, for 
example, Super Seal II floht shoe,* Super Seal II Dowti^Iet float shoe or a guide 
shoe .with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred eno^diment, the shoe 215 

30 comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch- 
down plug available, from Halliburton Energy Services in Dallas, TX, modified 
in accordance with the teachings of the present disclosure, in order to optimally 
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guide the tubular member ,210 in the weUbore, optimally provide an adequate* 
seal,between the mterior and exterior diameter* of the overlapping joint ■■- 
between the tubular members, and to optimally allow thfe complete drill out of 
th * . shoe an d P Iu g after the completion^ the cementing and expansion 
5 operations. , . . -.».., < ->.•..; 

In a preferred embodiment, the shoe 215 includes one or" more through 
and aid?; outlet Ports/n fluidic coimnnracation with- the fluid passage 240: In 
this manner, the shoe 215 optimally injects hardenable fluidic sealing material 
into the region outside the shoe 215 and tubular member 210. In a preferred 
10 embodiment, the shoe 215 includes the fluid parage 240 having an inlet ' 

geometry that can receive a dart and/ox a baJl sealing member. Jn this manner, 
the fluid passage 240 can be optimally sealed off by;introducing a plug, dart 
and/or ball sealing elements into the fluid passage 230; 

15 member 250. The lower cup, seal 220 prevents foreign materials from entering 
the interior region of the tubular member 210 adjacent to the expandable - - 
mandrel 205. _ The lower cup seal 220 n^ av . comprise any number of - «i' 
conventional commercial xp cupSj or 

Selective Iiyection Packer (SI^ with the teachings 

20 of the prteent disclMur^. In a preferred enibodiment, the lower cup seal 220 
comprises a SIP cup seal,, available from HaUiburton, Energy Services in Dallas, 
TX m order to ontimally blocfc ; foreign material; and contain a body of lubricant 1 . 

The uPPfr cup 225 ,^ ^ by ^ support , , 

member 250. The upper cup iseaL225jnre^ 
25 the interior region of *e ^ar^member W ^ . , 

comprise any number of convention^ commercially available cup seals such as, 
for example, TP cups or SIP cups modifiedjn i accordance, with the teachings of 
the present fiaclosure.^ a preferred, 

comprises a SIP^cup, available from HaUiburton Energy Services in Dallas, TX 
30 in order to optimally block the entry of foreign materials and contain a body of 
lubricant. . . , 

; *r ■; • v a:, . . «■'• v* * " ■ : ■ ' V * " 
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passage 240 is coupled to and pfcsitibned within the shoe 215 in fluidic K * 
co mm u n icator with the interior region of the tubular member 210 below the 
expandable mandrel 205. The fluid passage 240 preferably has a cross-sectional 
shape that permits a. plug, or other similar device, to be placed in fluid passage 
5 240 to thereby block further passage of fluidic materials. In this manner, the \ 
interior region -of the tubular member 210 i bielow the expandable mandrel 205 
can be fluididy isolated from the region e^rior to the tubular hiember 2104 
This permits the interior region of the tubular member 210 Below the 5 * 
expandable mandrel 205 to^be pressurized. The fluid passage 240 is preferably 
10 positioned substantially along the centerline of the apparatus 200. 

The fluid Jpassage 240 is preferably selected to convey materials such as 
cement, drillii^g mud or epoxies at flow rates aiid pressures ranging from about 
0 to 3,000 gallons/minute and 0 to 9,000 psi in order to bptiinaUy fm the" 
annular region between the tubular^^^ M#^sectioii iM of the 

15 wellborn 100 r with fluidic mat^ri^ 

passage 240 includes an inlet geometry that can receive a dart and/or a ball 
sealing member. In this manner, the fluid passage 240 can he sealed off by 
introducing a plug, dart and/or ball sealing elements into the fluid passage 230. 
The seals 245 are coupted to and supported by an end portion 260 of the 
20 tubular member 210. The seals 245 are fuiiirer £^ an outesr surface 

265 of the end portion 26Cfcof the ttt&ular member 210. The seals 245 permit 
the overlapping joint between the jportidii?27df of the casing 115 and the 
portion 260 of the tubular member 2I0^be fitudi^ The seals 245 

may comprise any number of conVeMtional <x>mmerciaUy available seals such as, 
25 for example, lead, rubber, T^floti, ot "£pbxy sebls modified in iicrordance with * ^ 
the teachings of the present disclosure In a |*r eferred embodiment, the' seals 
245 are molded from Stratalock ^epoxy available from Halliburton Energy 
Services in Dallas, TX in, order to optin^y-provicie a load bearing interference 
fit between the end 260 of the tubular member 210 anclthe end 270 of th 
30 existing casing 115. . > '* { " * " " ' y 

In a preferred embodiment, the seals 245 are selected to optimally 
provide a sufficient factional force to support the expanded tubular member 
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The fluid passage 230 permits fluidic materials to be transported to and 
from ( the interior region of the tubular member,210 below the expandable 
mandrel 205. Thejuid passage 230 is coupled to and positioned within the 
support member 250 and the expandable.mandrel 205, The fluid passage 230 
5 preferably extends from a position adjacent to the surface to the bottom of the 
expandable mandrel 205. The fluid passage 230 is preferably positioned along a 
centerline of the apparatus 200. : ,.• 

The fluid passage 230 is preferably selected, in the casing running mode 
of operation, to transport materials such as drilling mud or formation fluids at 
10 flow rates and pressures ranging from about 0 to 3,000 gaUons/minute and a to 
9,000 psi in order torninimize drag on the tubular .member being run and to 
minimize surge pressures exerted on the wellbore which could cause a loss of 
wellbore fluids and lead to hole collapse 

Tfa e fluid p^sage ^ , 
15 fluid passage 230. In this manner, during placement of the apparatus 200 < 
within the new section 130 of the weUbore 100, fluidic materials 255 ; forced up/ 
the fluid passage 230 can be released into, the wellbore 100 above the tubular • 
member 210 thereby mmimizing surge pressures on the wellbore section 130. r 
The fluid passage 235 is coupled to a^d petitioned within the support member 
20 250. The fluid passage is further fluidicly coupled to the fluid passage 230. 

The ^.P^^.^^^fy^^^^^ valye for controuab^ 
opening and closing the fluid passage^ to^prefeiTed ej^odiment, the 
control valve w presswe activaW in, order tq conixoUably niinimizs surge 
pressures. The fluidjpa^age^ is preferably nositioned substantially 
25 orthogonal to the centerline of the apparatus 2Q0, n , * ■„ 

, ^ P^ sa e e ?35 J 8 preferably selected to convey fluidic materials at 
flow rates and pressures rangmg from abqut Q to,3,000;ganons/mmute and 0 to 
9,000 psi in order to reduce the drag on.the apparatua200 during insertion into 
the new section 130 of the weUbore 100 and,to nimimjze surge pressures on the 
30 new wellbore section 130. ...,,< 

The fluid passage 240 permits fluidic materials to be transported toahd 
from the region exterior to the tubular member 210 and shoe 215. The fluid 
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210 from the existing casing 115. In a preferred ebibodirnent, the frictional 
force optimally provided by the seals 245 ranges from about* 1,000 to 1,000,000 
lbf in order to optimally support the expanded tubular member 210; 

The support member 250 is coupled 7 to the expandable mandrel 205, 
5 tubular member 210, shde?21& 9 an*d seals 220 and 225. The support member 
250 preferably comprises an annular member having sufficient strength to 
carry the apparatus 200 into the new section 130 of the wellbore 100. In a 
preferred embodiment, the support member 250 further includes one or more 
conventional centralizers (not illustrated) to help stabilize the apparatus 200. 

10 In a preferred embodiment, the support member 250 comprises coiled tubing. 

In a preferred embodiment, a quantity of lubricant 275 is provided in the 
annular region above the expandable mandrel ij05 within the interior of the 
tubular member 210. In £his manner, the extrusion of the tubular member 210 
off of ftM-«xpandai^ ^sfoibn^ 

15 comprise any number \pf c6nventioiiAl commercially available lubricants such 
as, for example, Lubriplate; chlorine bfeed lubricants, oil based lubricants or 
Climax 1500 Antisieze (3100);, In ^ preferred embodiment, the lubricant 275 
comprises Climax 1500 Antisieze (^10l» avaOable from Climax Lubricants and 
Equipment Co, hx Hdi^toii ^TX in ordier to optimally provide optimum 

20 lubrication to faciliate th£ ex^artsion process, ' ' 

In a preferred embodiment,- the support member 250 is thoroughly 
cleaned pridr to assembly tS the reiffiainii^ of the apparatus 200, In 

this manner, the introduction of foreign material into the 7 apparatus 200 is 
minimized. This minimizes Uie possi^ 

25 various flow passages and valves <MF the apj^atuS 200J ^ " * * - 

In a preferred embodiment, before or after j^jsitibhiicig''tUe' apparatus 200 
within the new section 130 of the wellbore 100, a couple of wellbore volumes are 
circulated in order to ensure that no foreign materials are located within the 
wellbore 100 that might clog up the Vari uk flow' passages and valves" of the 

30 apparatus 200 and to ensure that no foreign material interferes with the 
expansion process.: v. * % 
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r As illustrated in Fig. 3, the fluid passage 235 is theh closied and a 
hardenable fluidic sealing material 305 is then pumped from a surface location 
into the fluid passage 230. The material 305 then passes from the fluid passage 
230 into the interior region 310 of the tubular member 210 below the 
5 expandable mandrel 205. The material 305 th&rv passes frotn the interior region 
310 into the fluid passage 240. The material 305 th'en exits the apparatus 200 
and fills the annular region 315 between the exterior of the tubular member 
210 and the interior wSll of the new section 130 of the wefltibre lOOl Continued 
pumping of the material 305 causes the material 305 to fill up at least a portion 
10 of the annular region 315. J ■'!.-'■'■- 

The material 305 is preferably pumped into the annular region 315 at 
pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
l;500 gallons/min, r^s]p€>ctively. J The optimum How rate and operating 
* pre&sures vary as klfmi^ion of the casing and wellbore sizes, wellbore section 
15 length, available pumping equipment, and fluid properties of the fluidic 7 
material being" pumped.' The optimum flow rate and operating pressure are 
preferably determined using conventional empirical methods. 

The hardenable fluidic sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such 
20 as, for example, slkg mix, cement or epbxy. In a preferred embodiment, the 
hardenable fluidic sealing material 305 comprises a blended cement prepared 
specifically for the particular well section being drilled from Halliburton Energy 
Services in Dallas, TX in order toproVide optimal support for tubular member 
210 while al&b maintaining optimum flow characteristics so as to minimize 
25 difficulties during the displacement of cement in tte annular region 315/ The 
optimum blend of the blended cement is preferably determined using * : ' 
conventional empirical methods. 

The annular region 315 preferably is filled with the material 305 in 
sufficient quantities to ensure that, upon radial expansion f the tubular 
30 memb r 210, the annular region 315 of the new section' 130 f the wellbore 100 
will be filled with material 305, ' : 
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In a particularly preferred embodiment, as illustrated in Fig. j3a, the wall 
thickness and/or the outer, diameter, of the tubular member, 210 is reduced in , 
the region, adjacent to the. mandrel 205 in order optimally permit placement of 
the apparatus 200 in positions in the wellbore with tight clearances. 
5 Furthermore, in this manner, the initiation >of the radial expansion of the 
tubular member 210 during live extrusion prppess is optimally facilitated. 

As illustrated in pig. 4, once the annular region 315 has been adequately 
filled with material; 305, plug 4Q5, or other similar device, is introduced into 
the fluid passage .240 thereby fluididy isolating the interior; region 310 from the 

10 annular region 315. In a preferred embodiment, a non-hardenable fluidic 
material 306 is then pumped into the interior region 310 causing the interior 
region to pressurize. In this manner, the interior of the expanded tubular 
member 210 will not contain significant am^ Tbis : 
reduces and simplifies the ^ cost of t^e^tire pro the material 

15 305 may be used during this phase of the process. Once the interior region 
310 becomes sufficiently pressurized, the tubular member 210 is extruded off of 
the expandable mandrel 205. I>uring the extrusion process, the expandable 
mandrel 205 may be raised out of th^ expanded portion of th§ tubular member 
210. In a preferred embodiment, during the extrusion process, t&6 mandrel 205 

20 is raised at approximately the same rate as the tubular member^ 10 is expanded 
in oijder to keep the tubular member 210 stationary .relative to the new wellbore 
section 130. In an alternative preferred einbodiment,, the extruL3ion process is 
commenced with the tubular member 210 positioned above the bottom of the 
new wellbore section 130, keeping the mandrel 205 stationary, and allowing the 

25 tubular member 210 to extrude off of the mandrel 205 ajid fall down the new 
wellbore section 130 under the force of gravity, r , ; . (? ; -v v r 

The plug 405 is preferably placed into the fluid passage, 240 by u 
introducing the plug 405 into the fluid passage 230 at a surface location in a 
conventional manner. The plug 405 preferably acts to fluidicly isolate the 

30 hardenable fluidic sealing material 305 from the non hardenabl fluidic . 
material 306. i 
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The plug 405 May coniprise any number of conventional commercially 
available devices frbm plbgging ; a fluid passage sUch as, for example, Multiple ' 
Stage Ceinenter (MSG) latch-down plug, Omega latch^down plug or three- wiper 
latch-down plug modified in accordance with the teachings of the present 
5 disclosure. In a preferred Embodiment, the plug 405 comprises a MSC latch- 
doVra plug available from Halliburton Energy Services in Dallas, 

After placement of the plug 405 in the fluid passage 240, a non 
hardenable fluidic material 306 is preferably pumped into ike interior region 
310 at pressures and flow rates ranging, for example, from approximately 400 to 
10 10,000 psi and 30 to 4,000 gaHons/min. In this manner, the amount of 
! hardenable fluidic sealing material within the interior 310 of the tubular 
member 210 is minimiz ed. In a preferred embodiment, after placement of the 
phig 405;in the^fl 240; the nc«i hardenable material 306 &^eferafcly 

pumped into the interior region 310 at pressures and flow rates rai^mp^m 
15 approximately 500 to 9,000 psi and 40 to 3,000 gallons/min iii order to 
maximize the extrusion speed. """ 

In a preferred embodiment, the apparatus 200 is adapted to minimize 1 !< 
tensile^ burst, and friction effects upon the tubular member 210 during the 
expansion process. These effects will depend upon the geometry of the 4 
20 expansion mandrel 205, the material coniposition of the 'tubular member 210 ; 
and expansion mandrel 205, the inner diameter of the tubular member 210, the 
waU thickness of the tubular member 2lu, the typii of lubricant, and thi yield * 5 
strength of foe tubular memb^^ the wall thickness, 

the smaller the inner diameter, and : W 
25 member 210, theh the gr^ to extrude the 

tubular 1 member 210 off of the mandrel 2051 ' 

For typical tubular members 210, ; the extrusion of the tubular member ' : 
210 off of the expandable mandrel will begin when the pressure of the interior 
region 310 reaches, for example, approximately 500 to 9,000 psi. 
30 During the extrusion process, the expandable mandrel 205 may be raised 

out of the expanded portion of the tubular member 210 at rates ranging, for 
example, from about '© to 5 fVsec. In a preferred embodiment, during the ' 
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extrusion process, the expandable mandrel 205 is raised put of the expanded 
portion of the tubular member. 210 at.rates ranging from about 0 to. 2 ft/sec in- 
order to minimize the time required for the expansion process while also , v 
permitting easy control of the expansion process. 
5 When the end portion 260 of the tubular member 210 is extruded off of 

the expandable mandrel 205, the outer surface 265 of the end portion 2(50 of the 
tubular member 210 will preferably contact the interior-surface 410 of the end 
portion 270 of the casing 115 to form an fluid tight overlapping joint, The 
contact pressure of the overlapping joint may range, for example, from 

10 approximately 50 to 20,000 psi. In a preferred embodiment, the contact 

pressure of the overlapping joint ranges frpn^ approximately 400 to 10,000 psi in 
order to provide optimum pressure to activate the annular sealing members 245 
and optimally provide resistance to axial motion to ac^n^p 
and compressive loads. r r ^ . V: , ; . 

15 The overlapping joint between the section 410 of .the existing casing 115 

and the section 265 of the expanded tubular member 210 preferably provides a 
gaseous and fluidic seal. In a particularly preferred embodiment, the sealing 
members 245 optimally provide a fluidic and gaseous seal in the overlapping . , 
joint. ....... t ....... . .,-V' / - 

20 In a preferred embodiment, the operating pressure and flo\y rate of the 

non hardenable fluidic material 306 is cpntroljal^ly; ramped, d 0 ?^ 11 w k e ** the 
expandable mandrel 205 reaches the end portion 260 of the tubular member . 
210. In this manner, the sudden release of pijesQip^. caused £>y,the complete 
extrusion of the tubular member 210 off of the expw\da|>l^ mandrel 205 can be 

25 minimized. In a preferred embodiment, the operating pressure is reduced in a. 
substantially linear fashion from 100% to about 10% during th^e end of the , t . 
extrusion process beginning when the mandrel 205 is within about 5 feet from 
completion of the extrusion process. ( f ^ 

Alternatively, or in combination, a shock absorber is provided in the 

30 support member 250 in order to absorb the shock caused by the sudden release 
of pressure. The shock absorber may comprise, for example, any conventional 
commercially available shock absorber adapted for u^e in wellbore, operations. 
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Alternatively, or in combination, a maiidrel catching structure is r * ; 
provided in the end portion 260 of the tubular member 210 in order to catch or 
at least decelerate thei mandrel 205. V f : ^ K ^ ; 

Once the extrusion process is completed, the expandable mandrel 205 is 
5 removed from the wellbore 100. In a preferred embodiment, either- before br 
after the removal of the expandable mandrel 205, the integrity of thd fluidic seal 
of the overlapping joint between the upper portion 260 o^ the tubular inember - 
210 and> the lower portion 270 of the casing 115 is tested using conventional 
...methods. ?• -^- f 

10 If the fluidic seal of the t>verlfe£pirig-jdint between the upp^r portion 260 

of the tubular member 210 and the lower portion 270 of the basing 115 is 
satisfactory, then any uncured portion of the material 305 within the expanded 
^tubular member 210 is then removed in a conventional manner fcuch as,' for 4 . 
example, circulating the uncured material out of the interior 6f the landed ! 
15 tubular member 210;, The mandrel 205 is then pulled out of the wellborn 
^section 130 and a drill: bit or mill is used in combination with a conventional 
drilling assembly 505jto drill out any hardened material 305 within the tubular 
member 210; The material 30& within the annular region 315 is then allowed 
to cure. rV • i :tri. > 1 -..i ^.^v*; * > : ^ \ ' : ■ 

20 „r As illustrated in Fig. 5; preferably * 
within the interior of the expanded tubular member 210 is then removed in a 
conventional manner using a conventional drill string 505. This resulting new 
section o£easing SlOrihdudes the cacpaiidieia tubular member 210 and an outer 
annular layer 515 of cured material 305, Th^ bottom portibn of the apparatus 
25 200 comprising the shoe 215 and dart 405 may thesi lie removed by drilling out ? 
the shoe 215 and dart 405 using conventional drffling meiiiods. " 0>: Ji 

/ In a preferred embodiment, as illustrated in Fig. 6, ; the upper portion 260 * 
of the tubular member 210 includes one or more sealing Members 605 ind one 
or more pressure relief holes 610. In this manner/the overlapping joint' ; 
30 between the lpwer.portion 270 of the casing ^115 the upper portion 260 of ' 
the tubular member 210 is pressure- tight athd the pressure on the interio^and 
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exterior surfaces of the tubular member 210 is equalized during the* extrusion 
process.., . ^ ; • : %. ^ x ■ 

In a preferred embodiment, the sealing members 605 a*e seated within 
recesses 615 formed :in the outer surface 265 of the upper portion 260 of the 
5 tubular member 210. r In an alternative preferred embodiment, the/sealing >~ 
nqepabers 605 are^ond^d or molded onto the outer surface 265 6f \the- upper 
portion 26Q of the tubular .member 210. < The pressure relief holes 610 are ,r 
preferably positionectin the last few feet of the tubular member 210, The r 
pressure relief holes reduce the operating pressures required to expand the *- » 

10 upper portion 260 of the tubular member ,210, This reduction in required 

operating pressure in turn reduces the velocity of the mandrel 205 upon the * 
completion of the extrusion process. This reduction in velocity in turn : > 

minimizes the mechanical shock to the entire apparatus 20.0 upon the : 
completion of the es^i^ion prqcess.- . r i *x: -«jrV w.; p 

15 Referring ijow £a, Fig. 1 % a particularly preferred embodiment of an ^ - 

apparatus 700 for forming a casing within a wellbpre preferably includes an ; 7 "■ *? 
expandable mandrel or pig 70J5, an expandable mandrel or pig cojitainer^lO/ a v 
tubular member 715, a float shoe 720, a lower cup seal 725,;an upper^cup se^ ¥ 
730, a fluid passage 735, a fluid passage 740, a support member 745, a body of ? 

20 lubricant 750, an pv^rsboJ,q3n^ection-755^ai^Qth€ir suppot1^member*760, and i 
stabilizer 765. )% < ■ ,; : . *• - -*"J » l'^- 

The .expandable mandrel 70§4s coupled to and supported by the supports- 
member 745. ^e expandable mangel 7Q5 ^ coupled to the expandable 
mandrel container ,710; ^he e^andable mandrel 705 is preferably adapted to 

25 controllably expand in a radial dii-ect^on.; ; The expandable mandrel 705 may 
comprise any nimiber, of conventional com^ 

mandrels modified in accordance with^ the teachings of the present disclosure. 
In a preferred embodiment, the expandable mandrel 705 comprises a hydraulic 
expansion tool substantially as disclosed in U.S. Pat. No. 5,348,095, the ; > 
30 contents of which are incorporated herein by reference, modified in accordance 
with th§ teachings of the present disclosure- ■ r 
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• .-i^ 6, expandable mandrel container JlOjis coupled to and supported by 
the support member 745. The expandable mandrelxontainer 710 is further •-• 
coupled to the, expandable mandrel 705. The expandable mandrel container 710 
may be constructed from any number of conventional commercially available 
5 materials such as, for example, Oilfield Country Tubular Goods, stainless steel, 
titanium or high strength steels. In a preferred embodiment, the expandable 
mandrel container 710 is fabricated from material having a greater strength 
than the material from which the tubular member 715 is fabricated. In this • 
manner, the container 710 can be fabricated, from a tubular material having a 
10 thinner wall thickness than the tubular member 210. This permits the s 
container 710 to pass through tight clearances thereby facilitating its placement 
within the wellbore. ; • < . . i ( , >> ; .. ' ; I 

^ process begins, and the 

thicker, lower strength material of the tubular member 715 is expanded, the 
15 outside diameter of the tubular member ,715 ; is. greater than the outside' 1 
diameter, of the container 710. ., . •< > , • ■'" 

<s T he tubular member 715 is coupled to and supported by the expandable 
mandrel 7p5. The tubular member 715 ^ pjeferaMy expanded in the radial 
directi °h anctextruded^off of the expandable mandrel 705 substantially as 
20 described above r wiA reference to Pigs. l-S4The tubular member 715 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OG^G), f auj^onigtiye grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. - ' 

In a preferred ^ embodiment, thetubular.member- 715 has a substantially 
25 annular cross-section. In a particularly preferred embodiment the tubular 
member 715 has a substantially circular amiular <Toss-section. • 
, . - Tae ^r^R^^vTJ^.IW^erab^mcludesjan- tipper section 805; an ' 
intermediate section 810, and a lower section 815. The upper section 805 of &e 
tubular member. 715 preferably is defined by the region beginning in the 
30 vicinity of th mandrel container 710 and^ending with the top section 820 of the 
tubular member 715. The intermediate section 810 of the tubular member 715 
is preferably defined by. the region, beginnmg.in the viciriity of the top of the : 
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miffldrel.epntairier 710 and ending with the region in the*vicinity of the mandrel 
705. The lQwer section! of the tubular member 715;is preferably defiked by the 
, region beginning in the vicinity of the mandrel 705 and Ending at the bottom 
825 of thie tubular member 715: »r ! * l \ 

5 ; f , In? a prefei^edrembodintent, the wall thickness of the upjter section 8t>5 of 
the tubular member 715 is greater than< the wall thicknesses of the ; ° :r ' : l " % 
intermediate and lower sections 810 and 815 of the tubular meniber 7lS in k 
order to optimally faciliate the initiation of the extrusion prbcess and optimally 
permit t^e apparatus 700 to be positioned in locations in the wellbore having 
10 tight clearances. -; t , " " ? •' ' 

^ The outer diameter and wall thickness of the upp&r section 805 of the 
tubular member 715 may range, for example, from about 1.05 to 48 inches and 
1/8 to 2 inches, respectively. In ^preferred embodimfettt, the outer diameter ; 
and ,w*ill thickness of the.ujiper sectioEr 805 bf thfe tofoWar member 715 range 
15 from about 3,5 to, 16 inches and 3/8 to" 1.5 inches, r^sp6dtively. nu 

The outer diameter and wall thickness of the intermediate section 810 of 
the tubular member 715 may range, for exampte, from iibdut 2.5 to '50 inches 
and 1/16 to 1.5 inches, respectively, > In a p^fertfefl embodiment, the biiter 1 
diameter and wall thiclaiesa of the intermediate section 810 of the' tubul^' 
20 member 715 range from about 3.5 lb 19 inches and 1/8 to 1.25^ inches, ' 
respectively.- . , * ^ ■ - ,•>; V- • <■ 

The ou^er disCmeter and waU t4uckn^& of tke lower section 815 of the 
tubular member 71§ may range, for example* frbto about 2.5 to 50 inches and 
1/^6 to 1^ inches, respectively. In a preferred the oufe* 
25 diameter and wall thickness of the loiro^ sefctibn dl<Tof the tubiilir membef 715 
range from about 3.5 to 19 inches and 1/8 to 1:25 indies; if espectdvely; In a " 
particularly preferred embodiment, the wall tfchdriifesa of the Id wet section 815 
of the tubular member 715 is further increased to increase the strength of the 
shoe 720^ when drillable materials such a*T, f or example, aluminum arfe used. 
30 The tubiilar member 715 preferably comprises a solid tubular member* 

In a preferred e^abodiment, the end portion 820 of the tubular member 715 is 
slotted, perforate^, or otherwise modified to catfch or slow down the mandrel 
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705 when it completes the extrusion of tubular- member 715. Iii a preferred > : 
embodiment, the length of the tubular member 715 is limited to minimize the 
possibmty of buckling. For topical tubular member 715 materials, the length of 
the tubular member 715 is preferably limited to between about 40 .to 20,000 
5 feet in length. , ., . 

The shoe 720 is coupled, to the expandable: mandrel 705- and the tubular 
member 715. The shoe 720 includes the fluid passage 740. In 4- preferred' 
embodiment, the shoe 720 further includes an inlet passage 830, and one or 
more jet ports. 835. In a particularly preferred embodiment, the cross-sectional 
10 shape of the inlet passage 830 is adapted to receive a latch-down, dart, or other 
similar elements, for blocking the inlet passage 830. The interior, of the shoe 
720 preferably includes a body of solid material 840 for increasing the -strength 
of the s^oe 720. In a parti<^^Ly preferred embodiment, the body of solid 
material 840 comprise a himirmrn - ? ^ , . ,i.; v ; ».„ .. . , ' • .; , v.,j 
15 ../..., The shoe. 720 may comprise any. number of conventional commercially 
available shoes such as, for example, Super,Seal II Down-Jet float shoe, or guide 
shoe with a sealing sleeve for a latch; down plug modified in accordance with the 
teachings of tbe present disclosure. In a preferred embodiment, the shoe 720 
comprises an aluminum down r jet guide .shoe with a sealing, sleeve for a latch- 
20 down plug available from Halliburton Energy Services in Dallas, TX, modified 
in accordance with the teachings of, th^present disclosure, in order to optimize 
guiding the tubular .member 715 in the wellbore, optimize the seal between th«* 
tubular member 715 and, an existing weUbore casing, and to optimally faciliate 
the removal of the shoe 720 by drilling it put after completion of the extrusion 
25 process. ( , e . , f 

/^?J ower ^ s u^ ^ J^M^wP^^^d support^ by tiie support 
member 745.. The. Jower cup seal 725 prevents foreign materials from entering 
th ? mter * or f^P n pf $V tubular member 715 above the expandable mandrel 
705 -, Tbe lower- cup seal 725 pay comprise any numberof conventional 
30 commerciaUy available cup seals such as, for example, TP cups or Selectiv 
Injection Packer (SIP)' cups modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the lower cup seal 725 • 
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comprises a SIP cup, available from Hallibiirton finei^ Services indallas, TX 
in order to optimally provide a dfebrls barrier 'and hold a body of lubricant! 

The upper cup seal 730 is coupled to and supported by the support 
member 760. The upper cup sefcl 730 prevents foreign materials from entering 
5 the interior region of the tubular member 715. The upper cup seal 730 may 
cpmprise any number of conventional commercially available cup seals such as, 
for example, TP cups o* Selective Injectidn Packer' (SIP) cup modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the upper cup seal 730 comprises a Sit* cup available from * J 
10 Halliburton Energy Services in Dallas, TX in order to optimally provide a debris 
barrier and contain a body of lubricant. 

The fluid passage 735 permits fluidic materials to be transported to and 5 
from the interior region of the tubular member 715b£l6w th£ expinda^le' " - L 
mandrel 705v ; The fluid passage 735 is fluidicly coined to the fluid passstge 740r 
15 The fluid passage 735 is preferably coupied^to and positioned within the Support ^ 
member 760, the support member 745, the mandrel container 710, aiid Ihk :/y 
expandable mandrel 705; Th6 fluid passage 735 preferably extends frbmf aT ^ — 
position adjacent to the surface to the bottom of the expandable m2mdrk'705. f 
The fluid passage 735 ts^pf efereibly positioned along; i interline Wthe fl '^ 
20 apparatus 700! The fluid passage 735 isrpretera&y selected to transport - 
materials* such as cement, drilling mud ot epoxies at flow rates and pressures 
ranging from about>40 to 3,000 gaUons/miiiute aiid SbOMtb 9,d6o ps£in brdfei^ to 
optimally provide sufficient op^r^ting pressures to extrude the tabular member 
715offoftheex^dabfeitta£ndr^7G5l i ^ / " * ■ v ^ ' 

25 As described above with reference to Figs. 1-6, during placement of the 

apparatus 700 within a new section of a Wellbbre; fluidic materials forced up the 
fluid passage 735 can be released into the weHbore'aboVe the tubtilar member 
715. In a preferred embodiment, the apparatus 700* further includes a pressure 
release passage that is coupled to and positioned within the support member 
30 260. The pressure release passage is further flizidicly coupled to th fluid ? 
passage 735. The pressure release passage preferably includes a control valve 
for con troUably opening and closing the fluid passage. In a preferred 1 1 
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embodiment, the control valve is pressure activated, in order to contrpllably 
minimiz e surge pressures. The pressure release, passage is preferably 
positioned substantially orthogonal to the centerline of the apparatus'. 700. The 
pressure release passage is preferably selected to convey materials such as 
5 cement, drilling mud or epoxies at flow rates and pressures ranging from about 
0 to 500 gallons/minute and 0 to 1,000 psi in order to reduce jthe drag on ,the 
apparatus 700 during insertion into a new section of a wellbore-aud to niinimize 
surge pressures on the new wellbore section. 

The fluid passage 740 permits fluidic materials to be transported to and 
10 from the region exterior to the tubular member .715. The fluid passage 740 is 
preferably coupled to and positioned within the shoe 720 in fluidic 
communication with the interior Region of the. tubular member 715 below the 

^^^^^ftS J^IS?^^^? 8 ?? Preferably has a cross-sectional 
shape that permite ^ ph^, or, ^ placed in the inlet 830 x 3 

15 of the fluid passage 740 to » thereby^ block further passage of fluidic, materials. In 
this manner, the interior region -of the tubular member 715 below the 
expandable mandrel 705 can be optimally fluidicly isolated from the region 
exterior to the tubular member 715. This permits the interior region of the 
tubular member 715 below ^eaexpandabfe mandrel 205 to be pressurized. 

20 The fluid passage 740 is preferably positioned,substantiaJJy along the 

centerhne of the apparatus 700. The fluid passage J40 is preferably selected to 
convey materials such as cement,? drilling, gaud .0^ epoxies at flow rates and 
pressures ranging from about 0 to 3,000 galJons/minute and 0 to 9,000 psi in 
order to optimally fill an annular reg^on between ( the tubular member 715 and a 

25 new section of a weUbore ^ In a preferred embodiment, 

the fluid passage 740 includes an inlet passage 830 having a geometry that can 
receive a dart and/or a ball sealing member. In this manner, the fluid passage 
240 can be sealed off by introducing a plug, dart and/or ball sealing elements 
into the fluid passage 230. 

30 In a preferred einbodiment, the apparatus 700 further includes one or 

more seals 845 coupled to and supported by the end portion 820 of the tubular 
member 715. The se^ ^ pjriheT positionBd on an outer surface of the 
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end portion 820 of the tubular member 715. The seals 845 permit the 
overlapping joint betWeeri an eiid portion of preexisting casing and the end 
portion 820 of the tubular member 715 to be fluidicly sealed. The seals 845 
may comprise any humbet of conventional commercially available seals such as, 
5 for example, lead, rubber, Teflon, K or epoxy seals modified in accordance with 
the teachings of the present disclosure. In a preferred embodiment, the seals 
845 comprise seals molded from StrataLock epoxy available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a hydraulic seal and 
a load bearing>interference fit in the overlapping joint between tiie" tubular 

10 member 715 and an existing casing with optimal load bearing capacity to 
support the tubular member 715. 

In a preferred embodiment, the seals 845 are selected to provide a 
sufficient frictional fbrce'to support the expanded tubular member 7T5 from the 
existing casing. In a/prefetoed^ the frictional force provided by tfie 

15 steals 845 ranges from about 1^000 to 1,000,000 Ibf 1 in order to optimally ' > 
support the expanded tubular member 715. ' 

The support, member 745 is preferably coupled to the expandable 
mandrel 705 and the overshot connection 755. The support member 745 
preferably comprises an anniilar rtiemter having sufficient to carry the 

20 apparatus 700 into a new section of a'w^llbore. The support member 745 may 
comprise any number of conventional Commercially available support members 
such as, for example, steel drill pipe, coiled tubing or other high strength 
tubular modified in accordance with the teachings of the present disclosure. In 
a preferred embodiment, the support member 745 comprises conventional drill 

25 pipe available' frona various stegl mills ixi the United States. 

In a preferred embodiment, a body of lubricant 750 is provided in the 
annular region above the expandable iharidrel Container 710 within tHe interior 
of the tubular member 715. In this manner, the extrusion of the tubular 
member 715 off of the expandable mandrel 705 is facilitated. The lubricant 705 

30 may comprise any number of conventional commercially available lubricants 
such as, for eiampie, Lubriplate, chlorine based lubricants, oil based lubricants, 
or Climax 1500 Antisieze (3100). In a preferred embodiment, the lubricant 750 
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comprises Climax 1500 Antisieze (3100) available from Halliburton Energy 
Services in Houston, TX in order to optimally provide lubrication to fadliate the 
extrusion process. -•» •< - .... :,.!, - .» . 

The overshot connection 755 is coupled to the suppbrt member 745 and 
5 the support member 760. The overshot connection 755 preferably permits the 
su PPQrt member 745 to be.removably coupled to the support member 760. The 
overshot connection 755 may comprise any number of conventional -' " 
commercially available overshot connections such as, for example, Innerstring 
Sealing Adapter, toneretring Flat-Face Sealing Adapter or EZ Drill Setting Tool 
10 Stinger. In a preferred embodiment, the overshot connection 755 comprises a 
Innerstring Adapter with an Upper Guide available from Halliburton Energy 
Services in Dallas, TX. ? * •• - . v % . 

The support member 1760 <is preferably coupled to the overshot 
connection 755 and a surface support structure (not illustrated). The support 
15 member 760 preferably comprises an annular member having sufficient v 
strength to carry, the apparatus 700 into a new section of a wellbore. The 
support member 760 may comprise any number of conventional commercially 
available support members such as, for example, steel drill pipe, coiled tubing or 
other high strength tubulars modified in accordance with the teachings of the 
20 present disclosure. . In. a . preferred embodiment, the support member 760 : 
comprises a conventional drill pipe Available from steel mills in the United : 
States. - . ...... • , ', ^,^^1^:1 : v.: ■/ - . \ ■■ - ' i.-i : 

The stabilizer 765 is preferably coupled to the suppbrt member 760. The 
stabilizer 765 al^o; preferably stabilizes the components 6f the apparatus 700 * ! 
25 within the tobulaT ; member 715* The stabilizer 765 preferably comprises a 
spherical member having an outside diameter that is about 80 to 99% of the 
interior diameter of the tubular member 715 in brder'to optimally im^imize ' 
budding of the tubular member 715. The stabilizer 765 may comprise any ' 
number of conventional commercially available stabilizers such as, 'for example, 
30 EZ Drill Star Guides, packer shoes or drag bl cks modified in accordance with 
the teachings of the present disclosure. In: a preferred embodiment, the 
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stabilizer 765 comprises a sealing adapter'upper guide available from 
Halliburton Energy Services, in Dallas, TX. ' > 

In a preferred embodiment, the support members 745 and 760 are 
thoroughly cleaned prior to assembly to the remaining portions of- the 1 
5 apparatus ,700. In this manner, the in troductinn of foreign" material into the * 
apparatus 7QP is minimized. This minimizes the possibility of foreign material 
clogging the various flpw passages and valves of the apparatus 700. 

In a preferred-embodiment, before or after positioning the apparatus 700 
within a new section of a weilbore, a couple of Nvellbore volurnes are circulated 

10 through the various flow passages of the apparatus 700 ih order to ensure thai 
no foreign material^ iare located within the weilbore that might clog up the 
various flow passages and valves of the apparatus 700 and to! ensure that no * 
foreign material interferes with the expansion mandrel ^05 dilriiig the f 
expansionyprocess^ :y^i.-. ■ . ■*».,:•.< ■•-^ ^ ^*W<< 

15 In.a preferred embodiment, the apparatus 700 is operated substantially " 

as descried above with reference to Figs. 1-7 to form a new section of casing* 
within at weilbore. , l. v ^ : < y * / ^ 

As illustrated in £igj 8*in an alternative preferred embodiinent, the 
method and apparatus described herein is 'used to repair an existing weilbore 

20 casing 805 by forming a tubular liner 810 inside of the existing weilbore casing 
805. In a : preferred embodiment, an outer annular lining- of cement is not 
provided in the repaired section. In the alternative preferred embodiment, any 
number of fluidic materials can be Used to expand the tubular lifter 810 r frito 
intimate contact with the damaged.section of the weilbore casing such as, for r 

25 example, cement, epoxy, slag; tpixy or drilling tnud. In the alternative preferred 
embodiment, sealing members are preferably provided at both' ends of the * 
tubular member in order to optimally provide a fluidic Seal. In an alternative 
preferred embodiment, the tubular* liner 810 is formed within a horizontally 
positioned pipeline section, such as those uscki to transport hydrocarbons or 1 

30 water, with th Uibular liner: 810 placed in an overlapping relationship with the 
adjacent pipeline, section. In this manner, underground pipelines can be 
repaired without having to dig out and replace the damaged sections. 
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In another ^Iternatiye preferred ^enibodiment, the method and apparatus 
described herein is .used todirertlyjjne a wellbpre .with a tubular liner 810; In 
a preferred embodiment, an outer annular lining of cement is not provided ? 
between the tubular liner 810 and the wellbore. In the alternative preferred 
5 embodiment, anynumber pf fluidic materials can be )U sed to;expand the tubular 
liner 810 into intimate contact with the, wellbore such as^ fprLexamplei cement, 
epoxy, slag mis, or drilling mud. ,: . . 

Inferring now to Figs. 9, 9a, 9b and 9c, a preferred embodiment of an 
apparatus 900 for forming a wellbore casing includes an expandable tubular 
10 member 902, a support member, 904, an expandable mandrel or pig 906, and a 
Sh ° e 9 °?- In a P referred embodiment, the design and construction of the 
mandrel 906 and shpe 908 permits easy removal of thpse elements by drilling 
m - , them put. In this ft^ejc^sgpntifa 900 can, be, easilyremovedfrom a ' 

; weUbore using a conventional doling apparatus wdccorrespondmg drilling i > a 
.15 .methods... , t , , 

' -v ., ; The expandable ^ubular member 902 preferably includes an upper; 
- R ortion 9 i°» i ^ termed } a | e i portion 912 and a lo wer, portion 914. 'During; 
V. operation of the apparatus 900, the tubular member 902 is preferably extruded 

off of the mandrel 906 by pressui^mgan ^ 
20 member 902. TheJ^uJax member 902 preferabr^has a substantiaiiy annular o 

cross-section. 

915 is coupled to the upper p^iti 9 n t 910 qt the expandable tubular member 902. 

V^SfV^^t^mmto* ^^.<3s^iu|M ? meihber.ai5 is preferably i * 
25 «trudedpffoftiipm^ 

tubmar member 9Q2. The tubular ; membej:S15 preferably has a substantiaily 
annular cross-section. In a preferred embodiment, the wall thickness of the 
tubular member 915 is greater than the waU thickness, of the tubular member 
902. 

30 The tubular member 915 may be fabricated from any number of 

conventional comm 
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embodiment, the tubular member 915is fabricated from oilfield tubulars in 
order td optimally provide approximately the same mechanicad properties as the 
tubular member 902. ; In a particularly preferred embodiment, the tubular 
member 915 has a plastic yield point ranging from about 40,000 to 135,000' psi 
5 in' order to optimally provide approximately tfre same* yield properties as the 
tubular member 902. The -tubular Inember 915 may comprise a plurality of 
tubular members coupled end to end. v ' ' 

■ In a preferred embodiment, the upper end portion of the tubular member 
915 includes one or more sealing members for optimally providing a fluidic 

10 and/or gaseous seal with an existing section of wellbore casing. 

In a preferred embodiment, the combined length of the tubular members 
902 and 915 are limited to minimize the pb^ibility-qf buckling. For typical 
tubular member materials, the combined lebgtftof the tiibular members 902 
and 915 are Um^^ ; 

15 The lower portion 914 of the tubular member 902 is preferably coupled 

to the shoe 908 by & threaded connection 968S; tlie iri^ 912 of 

the tubular member 902 preferably is placed in intimate sliding contact with 
the mandrel 906.' m •> • — - ' • - ::i 

The tubular member 902 may be fabricated from any number of 

20 conventional commercially av-ailablfe materi^sti^ 

tubulars, low alloy steels, titanium or stainless steels; In a preferred 
embodiment, ithe tubular fnember 902 is fabricated frdm oilfield tubulars in 
order to optimally provide approximateiy the skme ineclhanical properties as the 
tubular member 915. In a paxtic^ar^^ the tu6ular c 

25 member 902 has a plastic ^yield point rahg^g firo^ 'alidut 40,600 to" 135,000 psi 
in order to, optimally provide approximately the s&ne yield properties as the 
tubular member 915, ' k - ^ v y 

The wall thickness of the upper • intermediate, aLhd lower portions, 910, 
912 and 914 of the tubular member 902 may range, for example, from about 

30 1/16 to 1.5 inches. In a preferred embodiment, the wall thickness of the upper, 
intermediate, and lower portions, 910, 912 and 914 of the tubular member 902 
range from about 1/8 to 1.25 in order to optimally provide wall thickness that 
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are about the same as the tubular member 915. In a preferred embodiment, the 
wall thickness of the lower portion*9:i4. is less than or equal to the wall 
thickness of the upper portion 910 in order to optimally provide a geometry that 
will fit into tight clearances downhole. t 
5 The outer diameter of the upper; intermediate; and lower portions, 910, 

912 and 914 of the tubular member 902 may range,' for example, from about 
1.05 to 48 inches. In a preferred embodiment, the outer diameter of the upper; 
intermediate, and lower portions, 910, 912 and 914 of the tubular member 902 
range from about 3 K to 19 inches in order to optimally ( proVide the ability to 
10 expand the most commonly! used oilfield tubulars. 

The length of the tubular member 902 is preferably limited to between 
about 2 to 5 feet inorder to optimally provide -enough length to contain the 
mandrel 906 and a body of lubricant. "■^v-ty.---- v ' 

The tubular membsr^02 may compid^ean^nu^nbeF of conventional 
u 15 commercially available tubular members modified in accorb^ce with the ' 
,j teachings of the present disclosure. In a preferred embodiment, the tubular ' " 
member 902 comprises Oilfield Country Tubular Goods available from various 
U.S. steel mills.. The tubular; member 915 may-comprise any number of 
conventional epinmertially available tubular members modified in accordance 
20 with the teachings pf the present disclosure. In ^preferred embodiment, the : 
tubular member 915 cpmprises Oilfield Countiy Tabular Go66!s available from 
various U.S. steel mills.y . c ; i : : ■. ; J .w? -u : •■■» ' 

The various elements of the tubular member 902 may be coupled using 
any number of conyentioital process such as, for example, threaded obimectidns, ? 
25 welding or machined from one piece. In a preferred embodiment, tne various 1 
elements of the tubular member 902 are coupled using welding. The fibular 
member 902 may comprise a plurality of tubular elements that are coupled 5 end 
to end. The yariousjelements: of the tubular member 915 may be coupled using 
any number of conventional process such as, for example, threaded connections, 
30 welding or machined from, one piece. In a preferred embodiment, the various 
elements of the tubular member 915 are coupled usmg weldmg. The tubular 
member 915 may comprise a plurality of tubular elements that are coupiea end ! 
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to, end. The tubular members, 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connection^, Welding ot' 
machined from one piece. * 

The support member 904 preferably includes an inner^tring adapter F 916, 
5 a fluid passage 918, an upper guide 920, and a coupling 922/ During operation 
of thf apparatus 900, the support; member 904 preferably supports the : * ' ' f 
apparatus 900. fining movement of the apparatus 900 within a wellbore. The^ 
support member 904 preferably has a substantially annular cross-section. * ; 
The support member 904 may be fabricated from any number of - ' 1 Ti 
10 conventional commercially available materials such as, for example, oilfield " 
tubulars, low aljpy steely coiled tubing or stainless steel. In a preferred 
embodiment, the support member 904 is fabricated from low alloy steel in order 
to optimally provide high yield strength. a : r ^ "tu n hL*. "vv"; k.^mm 
-The; 

15 conventional drity string support frpna-a surface location. The innersiring - ' ^ * 
adaptor 916 may be cpupled to a conventional drill string support 971 By k * t; 
threaded connection 970. . . - V . ''J".:?*- 

The fluid passage 918 is preferably used; to convey fluids and other ^ ^ 
materials to and from the apparatijya 900. In a preferred embodiment, the fltiid r 

20 passage 918 is fluididy couple^ to $*e fluid passage 952. In a Referred * 
embodiment, the fluid passage S18-?is used tacfoivey hardenaSle flui&ic sealing - 
materials to and from the apparatus 900. In a particularly preferred 1 1 " ' 
embodime^t, f the fluid passage 918 may include one or mo^e pressure relief 
passages (not illustrated) to release, fluid pressure dttriMg>irositionmg of the 

25 apparatus 900 within a weUb^re. Ir^a preferred embodiment, the fltiid passage 
918 is positioned along q. longitudinal eenterlind of the apparatus 900^ In a 
preferred embodiment, the fluid passage 918 is selected to permit the 
conveyance^ of hardenable fluidic materials at operating pressures rahging from 
about 0 to 9,0Q0 psi. , : . - - 

30 . The r upper guide*920 is coupled to an upper portion of the support ' 

member 904. The upppr guid? 920 preferably ife adapted to center thfe support 
member 904 within the? tubular meipbey 915, The upper guide 920 may 
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comprise any nun^be^ of cpnyentional guide, members modified in accordance 
with the teachings of the present disclosure. In a preferred embodiment, the ' 
upper guide 920 comprises an irmerstring. adapter available from Halliburton ' 
Energy Services in Dallas, TX order to optimally guide the apparatus 900 
5 within the tuhular member, 915.. . , ; .- 

The coupling 922, couples the support member 904 to the mandrel 906. 
The coupling 922 preferably comprises a conventional threaded connection. 

The various elements of the support member 904 may be coupled using 
any number of conventional prpcesses such as, for example, welding, threaded 
10 connections or machined from one piece. In a preferred embodiment, the 
various elements of the support member 904 are coupled using threaded 
connections.' . . - ; - , 

T^5W$WV-?&fc Prcferably includes a retainer 924, a rubber cup 926, an 
expansion cone 928, a lower con^ retainer r930Jra body of cement 932) a lower 

15 guide 934, an extension sleeve 936, a spaeez 938, a housing 940, a sealing sleeve" 
942, an .upper cone retainer 944, a lubricator mandrel 946, a lubricator sleeve 
948, a guide 950, and a fluid, passage 952. ^ 

The retainer 924 is coupled to the lubricator mandrel 946, lubricator 
sleeve 948, and the rubber cup 926. The retainer 924 jcouptes the rubber cup 

20 926 to the lubricator sleeve 948, The retainer 924 preferably has a 

substantially annular cross-Bection, The retainer 924 may comprise any 1 
number of conventional commercially available retainers such as, for example, 
slotted spring pins or roll pin. , : • -.^ v 5 ■ 

, ^?.^^.9 u P.: 9 ^-?»-^^^--l».Ae-retain«r..924, the lubricator mandrel 
25 946, and fie lubricator sleeve 948. , The rubber cup 926 prevents the entry of 
foreign materials into the interior region 972 of the tubular member 902 below ' 
the rubber qup 926. The rubber cup 926 may comprise any number of ! 
conventional^mmerd^ cups such as, for example, TP cups 

or Selective Injection Packer (SIP) cup. In a preferred embodiment, the rubber 
30 cup 926 comprises a SIP cup available from HalUburton Energy Services in 
Dallas, TX inorder tooptimaUy block foreign materials. r' 
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In a particularly preferred embodiment; a body of lubricant further L " 
provided in the.interior region 972 of the tubular i&einber 902 in order to 
lubricate the interface between the exterior surface of the mandrel 902 and the 
interior surface of the tubtdar members 902'and 915. The lubricant inay 
5 comprise any number of conventional commercially available lubiicknts such 
as, for example, Lubripiate, chlorine based lubricants, oil bas^d lubricants or 
Climax 1500 Antiseize (3100). In a preferred Embodiment, the lubricant ' ' 
comprises Climax 1500 Aritiseize (3100) available from Climax Lubricants and 
Equipment Co. in, Houston, TX in order to optimally provide lubrication to 
10 faciliate the extrusion process. } ' u 

TJie expansion cone 928 is coupled to the loWer cone retainer 930, th4' r 
body of cement 932, the lower guide 934, the extension sleeve 936, the housing 
940, and the upper cone retainer 944. In a prefeiir^ Biiibbdim 
operation of the apparatus 90Q^ the ttibtilar members 902 Wd £l5 arW ektnided 
15 off ofthe outer surface of th^ expansion cone 928: In a preferred embodiment, 
axial movement of the expansion cdne©28 ia prevented by the lower'cone 
retainer 930, housing 940 and the upper cone retainer 944. Inner radial " 
movement of the expansion cone 928 is prevented by the Body of cement 932, 
the housing 940, and the upper cone retainer 944. . 
20 The expansion cone 928 preferably has a substantially annular cross 

section. The outside diameter of the expiansiotf cone 928 is preferably tapered 
to provide a cone shape. :The wall thickness of QS6 expansion cine 928 may 
range, for example, from about 0.125 to 3 inches. In d preferred embodiment, 
the wall thickness of the expansion cone 928 ranges' from about 0.25 to 0. 75 
25 inches in order to optimally provide adequate compressive strength With ' ' 
minim a l material. The maximum and minimum outside diameters of the 
expansion cone 92ft may range, for example, from about 1 to 47 incites. In a 
preferred embodiment, the maximum and minimum outside diameters' of the 
expansi n cone 928 range from about 3.5 to 19 in order to optiriially provide 
30 expansion of generally available oilfield tubulars 

The expansion cone 928 may b fabricated from any number of 
conventional commercially available materials such as, for example, ceramic, 
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tool steel, titanium or low alloy steel. In a preferred embodiment, the 
expansion cone 928 is fabricated from tool 'steel in order to optimally provide 
high strength and abrasion resistance. The surface hardness of the outer 
surface of the expansion cone 928 may range; for example, from about 50 
5 Rockwell C to 70 Rockwell C. In a preferred embodiment, the surface hardness 
of the outer surface of the expansion cone 928 ranges from about 58 Rockwell C 
to 62 Rockwell G in order to optimally provide high yield strength. In a 
preferred embodiment, the expansion cone 928 is heat treated to optimally 
provide a hard outer surface and a resilient interior body in order to optimally 
10 provide abrasion resistance and fracture toughness. ■ ' - 

The lower cone retainer 930 is coupled to the expansion cone 928 and the 
housing 940. In a preferred embodiment; axial movement of the expansion cone 
928 is prevented by the lower rone retainer 930. Preferably, the lower cone 
retainer 930 has a substan tially annular cross-^^ ' " : 
15 The lower cone retainer 930 may be fabricated from any number of 

conventional commercially available materials such as, for example, ceramic, 
tool steel, titanium' or low alloy steel. In a prefeired embodiment, the lower 
cone retainer 930 is fabricated from tool steel in order to optimally provide high 
strength and abrasion resistance. The surface hardness of the outer surface of 
20 the lower cone retainer 930 may range, for example, from about 50 Rockwell C 
to 70 Rockwell €J. In a preferred embodiment, the surface hardness of the outer 
surface of the lower cone retainer; 930 ranges from about 58 Rockwell C to 62 
Rockwell G iri order to optimaUy provide high yield streng^ preferred 
embodiment, the lower cone retainer 930 is heat treated to optimally provide a * 
25 hard outer surface and a resilient interior body in order to optimally provide 
abrasion resistance and fracture toughness. u 

In a preferred embodiment, the lower cone retainer 930 and the 
expansion cone 928 ^0formedVas an integral one-piece element in order reduce 
the number of components and increase the 'overall strength of the apparatus. 
30 The outer surface of the lower cone retainer 930 preferably mates with the 
inner sin-faces;of the tubm^ ' ; 
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The body of cement, 932 is positioned vptJbun, the interior of the mandrel 
906. The body of cement 932 provides an inner bearing structure for the >. 
mandrel 906. The body of cement .932 further may be easily drilled out using'a\. 
conventional drill device. In.this manner, the mandrel 906 may be easily , 
5 removed using a conventional drilling device. /; ; ; . ( . 

The body of cement 932 may comprise any number of conventional r t 
commercially available cement compounds. Alternatively, aluminum, oast iron 
or some other (billable metallic, composite, or aggregate material may be 
substituted for cement. The body of cement 932 preferably has a substantially 
10 annular cross-section. 

The lower guide 934 is coupled, to the extension sleeve 936 and housing 
; 940. During operation of the apparatus 900, the lower guide 934 preferably > 
r helps guide the movement of the mandrel 90p withiz^the tubplar member 902J ^ 

The lower guide 934 preferably has a substantially annular cross^secfionr^ . ■■; 
15 The lower guide 934 may be fabricated from any s number of conventional 

commercially available materials such as, for example, oilfield tubulars, low k- 
alloy steel or stainless steel. In a preferred embodiment, thejower guide 934 is 
^ fabricated from low alloy s^eel in order to optimally provide high yield strengths - 
The outer surface of the lower guide 934 preferably mates with the inner 1 
20 surface of the tubular member 902 to provide a sliding fit, ,r f : - ; H 
The extension sleeve, 936 is coupled to the lower guide 934 md the 
housing 940. During operation of .the apparatus 900, the extension sleev^936 > 
preferably helps guide the movement of the mandrel 906 within the tubular 
member 902. The extension sleeve 936 preferably has a substantially angular 
25 cross-section. 

The extension sleeve 936 may be fabricated from any number of 
conventional commercially available materials «uch as, for example, oilfield 
tubulars, low alloy steel or stainless steel. In a preferred embodiment, the 
extension sleeve 936 is fabricated from low aUoy steel in order to optimally 
30 provide high yield strength. The outer surface of the extension sleev 936 

preferably mates with the inner surfape of the tabular m mber 902 to provide a 
sliding fit. In a preferred embodiment, the extension sleeve 936 and the lower 
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guide 934 are formed as an integral one-piece 1 element in order to minimize the 
ntunber of components arid ihcreas^ the sfren^ of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 9^8 
preferably includes the fluid passage 952 aid is Adapted to mate with the 
5 extension tube 960 of the shoe 908. In this manner, a plug or dart can be 

conveyed from the surface through the fluid passages 918 and 952 into the fluid 
passage 962. Preferably, the spacer 938 has a substantially annular cross 
section. • "' ■'• •" *■ ■ " ■ '"■ ' ' l 

The spacer S38 may be fabricated from any number of conventional 
10 commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the spacer 938 is fabricated from aluminum 
in order to optimally provide drfflabmtyMThe end of the spacer 938 preferably 
mates with the end of the eriension^be 960: in a preferred embodiment, the 
spacer 938 and the sealing sleeve 942^Jforme&as an? integral one-piece ' ' " 
15 element in order to reduce the number of l cbl^nen^ 'and increase the strength 
of the apparatus '■">- • -">'< ■ *. ■ - • •"■ ■'" ' 

The housing 940 is coupled to the lower guide 934, extension sleeve 936, 
expansion cone 928; body of cement 932' and lower cone retainer 930. During 
operation of the apparatus 900, the ndusmg 940vpreferabiy prevents inner 

20 radial motion of^the 1 expansion cohe 928; iPreferaJbry, f the housing 940 has a 
substantially annular ^'erb^-section. ; ' ' ' 

The housing 940 may be fabricated from any number of conventional 
commercially available materials such as; for example, oilfield tubulars, low 
alloy steel or stainless steeL In a preferrea-e^ housing 940 is 

25 fabricated from low alloy steel in 6raer to op^imaliy provide high yield strength. 
In a preferred embodiment, the Ibwer guide'934; extension sleeve 936 and 
housing 940 are formed as an integral one-piece element in order to minimize 
the number of components and increase the strength of the apparatus. ' 
In a particularly preferred embodiment, the interior surface of tne 

30 housing 940 includes one or more protrusions to faciliate the connection 
between the housing 940 and the' body of cement 932. > ^ 
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The sealing sleeve 942 is coupled to the support member 904, the body of * 
cement 932, the spacer 938, ^nd. the upper cone retainer 944. During operation 
of the apparatus, the sealing sleeve 942 preferably provides support for the 
mandrel 906. The sealing sleeve 942 is preferably coupled to the support 
5 member 904 using the coupling 922. Preferably,; the sealing sleeve 942 has a 
substantially axtauJar cross-section. •„ ..v.? % *v 

The sealing sleeve 3^42 may be fabricated from any number of t ■ 

conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the sealing sleeve 942 is 
10 fabricated from aluminum in order to optimally provide drillability of the 
sealing sleeve 942., 

In a particularly preferred embodiipen^ the^ outer, surface of the sealing ■ x 

sleeve 942 includes one or mqre protrusions to f aciliate thg epnja^ct|pn between :r\ 

tbe sealing sleeve 942 and the body of cement 932, 7 
15 In a p|uticularly pref^red embodiment, the spacer 938 and the sealing 

sleeve 942 are integrally formed as a one-piece element in order tp minimize the 

number of components. / , * 

The upper cone retainer 944 is coupled £o the expansion cone 928, the* - 

sealing sleeve 942, and the body^of cement 932. Puring operation pf the ' ; ^ > 
20 apparatus 900, the upper cone retainer 944 preferably prevents axial motion of *r 

the expansion cone 928. Preferably, the upper cope.retainer 944 has a • ; r 

substantially annular cross-section. ; - - , ; ; a , «^ * r 

The upper cone retainer $44 may be fabricated from any number of . : 

conventional commercially avail^^ ja 
25 aluminum or c^tst iron. In a preferred ei^qdiment, the upper cone retainer 944 

is fabricated from aluminum in order to optimally prpvide drillability of the : t< «. 

upper cone retainer 944. n - . .,„. • ; <y 

In a particularly preferred embodiment, the upper cone retainer 944 has r 

a cross-sectional shape designed to provide increased rigidity. In a particularly 
30 preferred mbodiment, tjie upper cone retainer 944 has a crpss-sectional shape > 

that is substantially I-shaped to provide increased rigidity and minimize the - - 

amount of material that would have to be drilled out. 
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The lubricator mandrel 946 is coupled to the retainer 924, the rubber cup 
926, the upper. coue retainer £44, .the lubricator sleeve 948, arid the guide 950: 
During operation of the. apparatus 900; the lubricator mandrel 946 preferably 
contains the body of lubricant in the annular region 972 for lubricating the 
5 interface between the mandrel 906 arid the tubular member 902. Preferably, 
the lubricator. mandrel 946 has a substantially annular cross-se«*tion. 

The lubricator mandrel 946 may be fabricated from any number of : 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the lubricator mandrel 946 
10 is fabricated from al uminum in order to optimally provide drfllabiliiy of the 
lubricator mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, the rubber cup 926, theupper cone retainer 944, the lubricator 
sleeve ,948 i: andj ; ^e gm\dei950.. D.uring,pp^itierif of the apparatus 900, the 
15 lubricator sleeve; 94^,p^ Preferably, the * 

lubricator sleeve 943. has a substantially annular, cross-sectiou. 

The lubricator sleeve 948 may be fabricated from any number of 
conventional commercially ava^able materials such as, for example, steel, 
aluminum or cast iron. In a preferred^iribpdimenti the lubricator sleeve 948 is 
20 fabricated from aluminum in order to optimally provide drillability of the 
lubricator -sleeve, 948. v- • • *x v. \ 

As ulustrated:in Fig 5 9c,. th® lubricator sleeve 948 is supported by the 
lubricator inandrel 946 The lubricator sleeve 948 in turn supports the rubber 1 
cup 926\ . The retainer 924 couples the .rubber cup $26& the lubricator sleeve" 
25 948. In a preferred embodiment, seals 949aiarid 949b are i^vided' between the 
lubricator mandrel 946, lubricator sleeve 948, and rubber cup 926 in order to 
optimally seal off the interior region 972 of the tubular inember 902. 

The guide 950 is coupled tothe lubricator mandrel 946; the retainer 924, 
and the lubricator sleeve 948. During operation of the apparatus 900, th guide 
30 950 preferably guides the apparatus on the support member 904. Preferably, 
the guide 950 has a substantially annular cross-section. 
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The guide 950 pa^y, bp fabricated from any- number of conventional 
commeircially available materials- such as, for example; steel, aluminum or cast - 
iron. In a, preferred embodiment, the^guide 950 is fabricated froni'alumintim - * 
order to optim^dly , provide drillability of the guide 950. 
5 The Jfluid passage 952 is cpupled to the mandreH)06. During operation' of 

the apparatus, the fluid passage 952 preferably conveys hardenable fluidic * 
materials. In a preferred embodiment, the fluid passage 952 is positioned about 
the centerline of the apparatus 900. In a particularly preferred embodiment, : 
the fluid passage 952 is adapted to convey harden able fluidic materials kt ! > 

10 pressures and flow rate ranging from about 0 to' 9,000 psi and 0 to 3,000 

gallons/min in order to optimally provide pressures and flow rates to displace 
and circulate fluids during the installation of the apparatus 900: '• - 

^ The various elements of the mandrel 906 may b€T c»u]pl^ lisiic^ 
number of con ventional process such ^fox exairipl^^^ ^? 

15 welded connections or^ cementing. -In a preferred embodiment; the various ' ^ 
elements of the mandrel 906 are coupled using threaded cohnections arid - ^ 
cementing. ; ,, , • ,-\ .. ' ■ k . - : S-.^ . 

The shoe 908 preferably includes a housing 954,-a body of cement 956, a 
sealing sleeve 958, an extension tube 960, a fluid passage 962, and dne or more • 

20 outlet jets 964, , , : / : t v ! i ^ 

The housing 954 is coupled to the body of cement 956 and the' lower ■ ■■ 
portion 914 of the tubular member 902.> During operation of the apparatus 900, 
the housing 954 preferably couples the lower portion of the tubular member 
902 to the shoe 908 to facilitate th^ extrusion" and positioning of the tubular J <" : - 

25 member 902.. Preferably, the housing 954 has a substantially annular cross- 
section. ,. . ; . ? -.- . - ri ) -ri i^.'^;:.- '*■ 

The housing 954 may be fabricated from any number of conventional c s 
commercially available materials such as, for example, 1 steel or aluminum. In a 
prefeped embodiment, the housing 954 is fabricated from aluminum in order to u - 

30 optimally pr vide di^abihty of the f 
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In a particularly preferred embodiment; the interior sinuate of the Ji 
housing 954,include3 one or more protrusions to faciliate the connection 
between the. body of cement 956 and the housing 9541 : . ; ; • 

, , The body, of cement 956 is coupled to the housing 954, and' £he sealing 
5 sleeve 958. In a preferred embodiment,* the composition of the body* of cement 
956 is selected, to permit the body of cement to be easily drilled out using 
con ventional drilling machines and processes. i . > r 

The composition of the body of cement 956 may include any number of 
conventional cement compositions. In an alternative embodiment, a drillable 
10 material such as, for example, aluminum or ironfsnay be substituted for the 
body of cement 956. - - ■ <• -r> 

. The sealing sleeyej958,is coupled to the body of cement 956, the 
extension tube £60, the.fluf d 5 pas?sage 262,*and one or more 1 outlet jets 964. 
During operation of ^ : 
15 adapted to convey a hardenable fluidic material from the fluid passage 952 into 
thefluid passage 962 and then intone outlet jets 964 in order to inject the 
hardenable fluidic material into an annular region external to the tubular 
member 902. In a preferred embodiment, during operation of the apparatus 
900, the sealing sleeve 958 fjirther includes an inlet geometry that pennits a 
20 conventional plug^or dart 974> to become: lodged in the" inlet of the sealing sleeve 
958. In this manner,, the fluid passage 962imay be blocked thereby fliudicly " ! 
isolating the interior, region 966 of tha tubular member 9021 

In a preferred embodunent^ /the; ^sealing sleeve 958 has a substantially 
annular cross-section,. ^e afiaKrjg sleeve 958 inay be fabricated from any 
25 number^of conventional commemaUy avaflable materials sncn as, for^example; 
steel, aluminum orcastiron, In a preferred embodiment, the sealing sleeve 958 
is fabricated from aluminum in order to optimally provide drulabinty of the ' 
sealing sleeve 958. ■ r . » • : ,_: .* • '« . 

: The extension tube 960 is coupled to the sealing sleev 958, the fluid 
30 passage 962, and one or more outlet jets 964. "Duruig operation of tb!e 
apparatus 900, the extension tube 960 preferably is adapted to convey a ' 
hardenable fluidic material from the fluid passage 952 into the fluid passage 
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962 and then ii^to the outlet jets 964 in order to inject the fcardenable fluidic 
material into an annular region external to thetubular member 902;' In a ; 
preferred embodiment, during operation of the apparatus 900, the sealing 
sleeve 960 further in-cludps an inlet geometry that permits a conventional plug 
5 or dart 974 to become lodged in the inlet of the sealing sleeve 958. In this 
manner, the fluid passage 962 is blocked thereby fltiidicly isolating the interior 
region 966 of the tubular member 902. In ajpref erred iembodiment, one Wd of 
the extension tube 960 mates with one, end of the spacer 938 in order to 
optimally faciliate the transfer of material between the two. 
10 In a preferred embodiment, the extension tube 960 has a substantially 

annular cross-section. The extension tube 960 may be fabricated from any 
number of conventional commercially available materials such a&, fbi^ example, 
steel, al uminum or ?.cas&ii$n. , In a preferred embodiment, the extension tube x ; 
960 is fabricated • fr om aluminxim in order to bptimadl^'^ 
15 extension tube 960. ■<■ \- • .... • wx .- '* ■ 

The fluid: passage 962 is coupled to the sealing sleeve 958, the extension v 
tube 960,, and; one or more outlet jets 964. During operation of the apparatus ; ; 
900, the fluid passage 962 is, preferably conveys hardehaBle fltiidic mateilals. Iti u 
a preferred embodiment, the. fluid passage 962 is positioned about the :Jt 
20 centerline of the app^a^ 

fluid passage 962 is adapted to i convey hardenable fluidic Materials a£ {iressures 
and flow rate ranging from about 0 to(9,(K)0 p&i and 0- 16 3^000 galloiis/imn in 
order to optimally provide flmds at operationally efficient rates. 

T^e outlet j^t^ 964 ar» coupled to the sealing sleeve 958, the extension' 
25 tube 960, and the fluid passage 962^ During operation of the apparatus 900, trie 
outlet jets 964 preferably convey hardenable fluidic material from the fluid 
passage 96? to the; region exterior of the apparatus 900. In a Referred ' ^ 
embodiment, the shoe 908 includes a plurality of outlet jets 964. 

In a preferred embodiment, the outlet jets 964 comprise passages drilled 
30 in the housing 954 and the body of cemen t 956 in order to simplify the 
construction of the apparatus 900. 
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, The various, elements of. the shoe 908 may be c6upled using any number 
of conventional process such as, for example, threaded connections, cement or 
machmed from one piece of material. In a preferred embodiment, the various 
elements of the shoe 908 are coupled Using cement. 
5 . ; In a, preferred embodiment;, .the assembly 900 is operated substantially as 
described above with reference to Figs. 1-8 to create a new section of casing in a 
wellbore or to repair a wellbore casing or pipeline. ; ' ' 

• , In particular, in order to extend a wellbore into a subterranean 1 
formation, a drill string is used in a! well known manner to drill out material 
10 from the subterranean formation to form a new section. 

The apparatus 900 for forming a wellbore casing in a> subterranean 
formation is then positioned in the new section of the wellbore. In a 
P*^<^^ly pr?£<^^^^ includes the tubular 

member.91^.^ In a preferred embodimeu^^^^ hardenable fluidic sealing' ' ? ? 
15 hardenable fluidic sealmg mate^ then pumped from a surface location into 
the fluid passage 918. The hardenable fluidic sealing material then passes from 
the fluid passage 918 into the interior region 966 of the tubular member 902 
below, .the mandrel 906. TJbg hardenable fluidic sealing material then passes 5 
from the interipr region 96^ into the fluid passage 962. The hardenable fluidic 
20 sealing material then exits the apparatus 900 via the outlet jets 964 and fills an 
annular region between the exterior of the tubular member 902 and the interior 
wall of the new section of the wellhore, , Continued pumping of the hardenable 
fluidic sealing material causes , the material to fill up at least a portion of the 
annular region., : . ..• . :t , , : . t .. <*■ • •• . 

25 f The hardenable fluidic sealing material is preferably pumped into the 
annular region at pressures and flow rates ranging, for example, from about 0 
to 5,000 psi and 0 to 1,500 gaUons/min, respectively. In a preferred ' 
embodiment, the hardenable fluidic sealing material is pumped into the annular 
region at pressures and flow rates that axe designed for the specific wellbore 
30 section in order to optimize the displacement of the hardenable fluidic sealing 
material whpe not creating high enough circulating pressures such that 
circulation might be lost and that could cause the wellbore to collapse. Th 
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optimum pressures and flow rates are preferably determined r usin£ conventional 
empirical methods. _ ^ * f 

The hardenable fluidic sealing material may cbmprise any number of 
conventional commercially available hardenable fluidic sealing materials such 
5 as, for example, slag mix, cement orepdxy. In a preferred embodiment, the 
hardenable fluidic sealing material comprises blefided cements designed r ; 
specifically for the well section being lined available firorii Halliburton Energy 
Services in Dallas, TX in order to optimally provide support for the new tubular 
member while also maintaining optimal flow characteristics so as to minimize 

10 operational difficulties during the displacement of the cement in the annular 
region. The optimum composition of the blended cements is preferably " 
determined, using conventional empirical methods. 

The annular region preferably infilled with 1 the hardenable fluidic: sealing 
material in sufficient quantities to ensure that; updn fadial expansion of the 

15 tubular member 902, the annular region of the new section 6i the wellbore will 
be filled with hardenable material. j ^ ; 

; Once the annular region has been adequately filled with hardenable 
fluidic sealing material, a plug or dart 974/6r other similar device, preferably is 
introduced into the fluid passage 962?th&reby fluididy isolating the interior 

20 region 966 of the tubular member 902 from the external annular region; In a 
preferred embodiment, a non hardenable fluidic material is then pumped into 
the interior region 966 causing the interior region 966 to pressurize. In a 
particularly preferred embodiment, the plug or dart 974; or other similar device', 
preferably is introduced into the fluid passage 962 by introducing the plug or 

25 dart 974, or other similar device into the non hardenable fluidic material. In 
this manner, the amount pf cured material within the interior of the tubuiar 
members 902 and 915 is minimized, v . ^ * • < r M 

Once the interior region 966 becomes sufficiently pressurized, the 
tubular members 902 and 915 are extruded off of 'the mandrel 906. Tti ' 

30 mandrel 90& may be, fixed, or; it may be expandable. During the extrusion 

process, the mandrel 906 is raised out of the expanded portions of the tiibiilar 
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members 902 and 915 using the support member 904. 1 During this extrusion 
process, the' shoe -908 is preferably substantially stationary. 

The plug or dart 974 is preferably placed into the fluid passage 962 by 
introducing the plug or dart 974 into the fluid passage 918 at a surface location 
5 in a conventional manner. The plug or dart 974 may comprise any number of 
conventional commercially available devices for plugging a fluid passage such 
as, for example, Multiple Stage Gementer (MSG) latch-down plug, Omegit latch- 
down plug or three-wiper latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the plug or 
10 dart 974 comprises a MSG latch-down plug available from Halliburton Energy 
Services in Dallas, TX. < > ' " 

After placement of the plug or dart 974 in the fluid passage 962, the non 
hardenable fluidie material is preferably pumped into the interior region 966 at 
pressures and flow rates itoging iBrbm approxim 9;000 psi and 40 to" 

15 3,000 gallons/min in order to optimally extrude the tubular members 902 and 
915 off of the mandrel 906. r / 

For typical tubular members 902 and 915, the extrusion of the tubular 
members 902 and 915 off of the expandable mandrel will begin when the 
pressure of the interior regfofc 966 reaches approximately 500 to 9,000 psi. In a 
20 preferred embodiment, the extrusion of the tubular members 902 and 915 off ' 
of the mandrel 906 begins When the pressure of the interior region 966 reaches 
approximately 1,200 to 8,500 psi With a flow ra^ of ibout 40 to 1250 
gallons/minute. > _«< "'^ * v» i -!>vj : 

During the extrusion process, the mandrel 906 may be raised out of the 
25 expanded portions of: the tubular members 902 and '915 at rates ranging, for 
example, from about 0 to 5 ft/sec; In a preferred embodiment, during the 
extrusion process, the mandrel 906 is raised out of the expanded portions of the 
tubular members 902 and 915 at rates ranging from abbut 0 to 2 ft/sec in order 
to optimally provide pulling speed fast enough to permit efficient operation and 
30 permit full expansion of th tubular members 902 and 915 prior to curing of the 
hardenable fluidie sealing material; but not so fast that timely adjustment of 
operating parameters during operation is prevented! 
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f , When the upper end portion of the tubular member 915 is extruded off of 
the mandrel. 906, the outer surface of the upper end portion of the tubular 
member 915 will preferably contact the interior surface of the lower end portion 
of the existing casing to form an flxiid tight overlapping joint; The contact 
5 pressure of. the overlapping joint may range, for example, irom approximately 
50 to 20,000 psi. ; In a preferred embodiment, the contact pressure of the 
overlapping joint between theupper end of the tubular member 915 and the 
existing section of wellbore casing ranges from approximately 400 to lQ,000*psi 
in order to optimally provide contact pressure to activate the sealing members 

10 and provide optimal resistance such that the tubular member 915 and existing * 
wellbore casing will carry typical tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
non hardenable fluidic material will be con trollably ramped down when the. * 
mandrel 906 reaches the upper end portion pf the tabular member 915, In this ^ 

15 manner, the sudden release of pressure caused by the complete extrusion of the 
tubular member 915 off of the expandable mandrel 906 can be minimized. In % : 
preferred embodiment, the operating pressure is reduced in a substantially ; r 
linear fashion from 100% to about 10% during the end of the? extrusion process 
beginning when the mandrel .906 has completed approximately all but about the 

20 last 5 feet of the extrusion process. , j , ^ ; - ; 

In an alternatives preferred embodiment, the operating pressure and/or 
flow rate of the hardenable fluidic sealing material and/or the non hardenable 
fluidic material are controlled during all phases of the operation of the ; 
apparatus 900 to minimize shock. ^ £ . - ^ ; . , 

25 Alternatively, or in combination, a shock absorber is provided in the 

support member 904 in order to absorb the shock caused by the sudden release 
of pressure. f tt , ... _ . . ~ ... t s .- r ■ r ; , 

Alternatively, or in. combination, a mandrel catching structure is 
provided abov the support member 9Q4 in order to. catch or at least decelerate i 

30 the mandrel 906.. 

Once the extrusion process is completed, the mandrel 906 is removed 
from the wellbore. In a preferred embodiment, either before or after the 
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removal of the mandrel 906, the integrity of the fluidic seal of the overlapping 
joint between the upper portion of the tubular member 915 and the lower, 
portion of the existing casing is tested using conventional methods. ~ If the 
fluidic seal of the overlapping joint between the upper portion of the tubular 
5 member 915 and the lower portion of the existing casing is satisfactory, then 
the uncured portion of any of the hardenable fluidic sealing material Within the 
expanded tubular member 915 is then removed in a conventional manner: The 
hardenable fluidic sealing material within the annular region between the 
expanded tubular member 915 and the existing casing and new section of ; 
10 wellbore is then allowed to cure. , ; • 

Preferably any remaining cured hardenable fluidic sealing material 
within the interior of the expanded tubular members 902 and 915" is then 
removed in a conventional manner using a conventional drill string. The 
resulting new section of casmg preferably includes the expanded tubular 
15 members 902 and 915 and an outer annular layer of cured hardenable fluidic 
sealing material. The bottom portion 6f the apparatus 900 comprising the shoe 
908 may then be removedoby drilling out theshoe 908 using conventional 
drilling methods.. 0 .;.;..> 

In an alternative embodiment, during the extrusion process,* it may be 
20 necessary.tp remove theentire apparatus 900Jfrom the interior of the wellbore 
due to a malfunction. : In this circumstance, a conventional drill 'string is used to 
drill out the interior sections of the apparatus 900 in order to facilitate the 
removal of the remaining sections:. .In. a prtfemd'einl>6dBnent, v tne interior 
elements of the apparatus 900 are fabricated from materials such as, for 
25 example, cementand aluinmuin, that permit a conventional drm string to be 
employed to drill out the interior: components. • 

In particular, in a preferred embodiment, the composition of the interior 
sections of the mandrel- 906, and shoe 908, mduding one or more of the body of 
cement 932, the spacer 938, the sealing sleeve 942, th upper con retainer 944, 
30 the lubricator mandrel 946, the lubricator sleeve 948, the guide 950, the 

housing 954,, th body" of cement 956, the sealing sleeve 958, and the extension 
tube 960, are selected to permit at least some of these components to be drilled 

-57- 

SUBSTITUTE SHEET (RULE 26) 



:c WO OO/77431 



PCT/IL00/0Q245 



out using conventional drilling methods and apparatus. 1 In this manner, in the 
event of a malfunction downhole, the apparatus 900 may be easily removed 
from the wellbore, ■ . ^ . \ . - < ' 

Referring now to Figs. 10a, 10b, 10c, 10d, IQe, lOf, and lOg^i method and 
5 apparatus for creating a tie-back liner in a wellbore t will now be described: As 
illustrated in Fig. 10a, a weUbore 1000 positioned in a subterranean formation 
1Q02 includes a first casing 1004 and a second casing 1006. 

Tbe first casing 1004 preferably includes a tubular liner 1008 and a 
cement annulus 1010. The second; casing 1006 preferably includes a tubular 
10 liner 1012 and a cement annulus 1014. In a preferred embodiment, the second 
casing 1006. is formed by expanding a tubular member substantially as 
described above with reference to Figs. l-9c or below with reference to Figs. 

In a particularly preferred embjo4ij»e^ tubular 

15 liner 1012 overlaps with a lower ix>rtiop of the tubxilar liner 1008. In a 

particularly preferred embodiment, an outer surface of the upper portion of the 
tubular liner 1012 includes one or mote sealing members 1016 fbt providing a 
fluidic seal between the tubular liners 1008 arid l6l2r 

Referring to Fig:. 10b, in order fo create a tie-back liner that extends from 

20 the overlap between tbe first and second casings, 1004 arid 1006, an apparatus 
1100 is preferably provided that incUides an expandable mandrel or pig 1105, a' 
tubular member J 110, a shoe 1115 9? one-O£\nioFtf'.cup-seaIi3'-1120 9 fluid'passage 
1130, a fluid passage 1 135, one or naore fluid passages 1140, seals 1145 , iand a ' 
support member 1150. ; J f v > r v . 0 r v . ' 

25 The expandable mandrel or pig H05 is cbupled to and supported by the 

support member 1150. The expandable mandrel 1105 is preferably adapted tc 
controllably expand in a radial direction. The expandable mandrel 1105 may 
comprise any number of conventional commercially available expandable ' 
mandrels modified in accordance with the teachings of the present disclosure. 

30 In a preferred embodiment, the expandable mandrel 1105 comprises a hydraulic 
expansion tool substantially as disclosed in U.S. Pat. No. 5,348,095, the : }J 
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disclosure: of which is incorporated herein by reference, modified in accordance- 
with the teachings of theipresent disclosure."- ' l - ' : >< 

The ti*bular'member 1110 is cotfpled-to and supported by the expandable 
mandrel 1105.. The tubular member 1105 is expandW m the radial direction 
5 and extruded off of the expandable mandrel 1105. The tubular member 1110 
may be fabricated from any number of materials such as, for example, Oilfield 
Country Tubular Goods, 13 chromium tubing or plastic piping. In a preferred 
embodiment; the tubular member 1110 is fabricated from Oilfield Country 
Tubular Goods. . • • < 

10 The inner and outer diameters of the tubular member 1110 may range, 

for example^ from approximately 0.75 to 4? inches and 1.05 to 48 inches, 
respectively.* In a preferred embodiment, the inner and outer diameters of the 
tubular member iMO nmgeVfrdm nbout^ to i5-5 inches and 3.5 to 16 inches^ 
respectively in order to optimally provide coverage for typical oilfield casing ' 
15 sizes. The tubular member 1110 preferably comprises a solid member. ' 

In /a preferred embodiment, the upper end-portion of the tubular member 
1110 is slotted/ perforate or ■ 
mandrel 1105whenit completes. the 5 ^exia^ion^f lobular member 1110. In a 
preferred embodiment; tiie length 6f the iubulif member 1110 is limited to 
20 minimize the possibility of buckling.' For'typical tubular member 1 1 10 
materials, the length of tike tabular member IllOis preferably limited tb J 
between about 40 to 20,000 feet M length} L ~ ' " ^- :: * ' - : " 
The shoe 1115 is coupled to the expandable mandrel 1105 and'the " : 
tubular member 1110: The*shbe 1115 includes the fluid passage 1135: The 
25 shoe 1115 may comprise any number of conventional c^mmerciaUy available 
shoessuch as, for example; Super Seal II float shoe, Super^&sai II Down Jet : 
float shoe or a guide shoe with a sealing sleeve for a latch down plug modified in 
accordance with the teachings of the present disclosure. In k preferred ' 
rabodiment, the shoe 1115 comprises an ahuui^ with a 

30 sealing si eve for * latch-down plug with side ports radial off b^tW exit flow 
port available from Halliburton Energy Services m Dallas, 1 TX, modified in 
accordance' with the teachings of therpresentf ta 
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guide the tubular member. 11Q0 to the. overlap between the;tubular membet - f 
1100 and the casing 1012, optimally fluidicly isolate the interior* of ths tubular 
member 1100 after the latcjti down plughas seated, and optimally :permit 
drilling out of 'the shoe 1115 after completion of the expansion and cementing .:. 
5 operations. , , I . , x.^ 

% > In a preferred embodiment, the shoe 1 1 15 includes one/pr more side 
outlet ports 1140 in fluidic communication. with the fluid passage 1135. In this 
manner, the shoe lll^injects hardenable fluidic sealing material into the - J 
region outside the shoe 1115 and tubular member 1110, In a preferred 
10 embodiment, the shoe 1115 includes one or more of the fluid passages 1140 
each having an inlet geometry that caii receive a dart and/or a ball sealing ^ 
member. In tfcris planner, the fluid passages 1140 can be^ealed off by : v ^re- 
introducing a plug, dart and/or ball sealing elements into, tbfe;fluid;passage > I > ^ 

1130. ; ^ } r ; r ; ; .:- ^ ^ - V ■ J K *A* - ^ ' ' I V i If < V^. ' * , J i < * ^ "V..* " : 

15 The cup seal 11^0 is to and, supported by the support member 

1150. The cup seal 1120 prevent^f^^ from entering the interior 

region of the tubular member 1110 adjacent to the e^andable mandrel 1105. 1 
The cup seal 1120 may comprise any number of con Ventional^ commercially 
available cup seals such as^for example, TJP^oups or^electiveilnjection Packer < 

20 (SIP) cups piodified in accordance with the teachings of the present disclosure, v.* 
In a preferred embodiment, the cup seal ;tl20rcomprises & SIP cup, available ; 
from Halliburton Energy Services in Dallas, TX in order to optimally provide a 
barrier to debris and contarin a.bo^ oj^ ,q < ,.>. ' i 

The fluid passage 4 130 PWnite fluidic materials to bertransported to and 

25 from the interior region of the tubular memjt^ JL110 belpw the expandable ^ 
mandrel 1105. The fluid passage 1130os coupled to tod positioned within the 
support member 1150, and the expandable mandrel 1105. The fluid passage ; 
1130 preferably extends from a position adjacent to the surface to th« bottom of 
the expandable mandrel 1105- The fluid passage 1130 is preferably positioned' 

30 along a interline of the apparatus? 1 100. Th fluid passage 1 130 is preferably 
selected to transport materials such as cemept, drilling mud, or epoxies "at flow 
rates and pressures ranging from jabput 0 to 3,000 gadlbhs/minute and 0 to 9-000 
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psi in order, to optimally provide sufficient- operating pressures to circulate 
fluids at operationally efficient rates. •" - " ' 
The fluid passage 1135 permits fluidic materials to be txansmitted'from 
fluid-passage 1130 to: the interior of the tubular member 1110 below the 
5 mandrel. 1105. • -r I •' » -<••■. ' »'• ' '- '' 

' -The fluid, passages 1140 permits fluidic materials to be transported to 
and from, the region exterior to the tubular member 1110 and shoe 1115. The 
fluid passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior region of the tubular member 1110 below the 
10 expandable mandrel 1105. The fluid passages 1140 preferably have a cross 
sectional shape that permits a plug, or other similar device, to be placed in the 
fluid passages H40 to thereby block further passage of fluidic materials. In this 
manner, the interior region of the tubular member 1110 below the expandable 
mandrel 1105 can befluichcly isolated from the region exterior to the tubular 
15 member 1105. This permits the mtenof ^region of the fhibular member 1110 
below the expandable mandrel 1105 to be pressurized. ' ' ■ 

The fluid passages 1 114G are preferably positioned along' the periphery of 
the shoe 1115. The fluid passages 1140 are preferably selected 1 to convey 
materials such as cement, drillmg mud or epoxies at flow rates and pressures 
20 ranging frpm about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order to 
optimally fill the annular region between the tubular member 1110 and the 
tubular liner 1006 with fluidic materials?: In a preferred embodiment, the fluid 
passages 1 140 include an inlet geometry that can receive a dart and/or a ball 
sealing member./ In this manner, the fluid passages 1140 can be sealed off by " 
25 introducing a plug, dart and/or ball sealing elements into' the fluid passage ' : 
1130, In a preferred enibodlmen t, the apparatus 1100 includes a plurality of 
fluid passage 1140. : ■ >.■■ - '■ 5 

In an alternative embodiment, the base'of the shoe 1115 includes a single 
inlet passage coupled to the fluid passages 1140 that is adapted to receive a 
30 plug, or other similar device, to permit the interior region of the -tubular 

member, 1110 to be fluldidy isolated from" the exterior bf the tubular member 
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. The seals 1 145 are coupled to and supported by a lower end portion of 
the tubular member 1110. The seals 1145 are further positioned on^an outer 
surface of thf lower; end portion of the tubular member 1110. The seals 1145 
permit th>e overlapping joint between the upper end portion of the casing 1012 
5 and the lower end portion of the tubular member 1110 to be fluidiclyi sealed. < 
The seals 1145 may comprise any number of conventional commercially 
available t s e epls suqh as, for example, lead, rubber/ Teflon or epoxy seals' modified 
in accordance with the teachings of the present disclosure. In ; a preferred : V 
eml?o<iiment, the seals, 1 145 comprise seals molded from S tratalock epoxy :/ 
10 available fropji Halliburton Energy Services in Dallas, TX in order to optimally ' 
provide a hydraulic seal in the overlapping^ jointi and optimally provide load 
carrying capacity .to withstand the range of typical tensile and compressive 
. loads. -. , ^ -.. >. % : • > _ ^ ; y " .r s: ^-^. y.-tr'^in / 

. 1$ a prefferr^e^ 1145 are selected to optimally 

15 provide a sufficient factional ffrce to support the expanded tubular meniber 
1110 from the tubular liner X0QB. In a preferred embodiment, the frictionkl = 
force provided by the seals H£5 ranges from about &,000 to . 1,000,000 lbf in 
tension and compression in order to optimally support the expanded tubtilar 
member 1110. a ^ ; i . , . .. , X, ■ 

20 The support member 1 150 is couple^ to the exp<indable mandrel 1 1055 

tubula^ memberrillO^^ shoe 1J15, and seal 1120^ Th^ support member 1156- 
preferably comprises jan annular member having siifEaent strength to carry the 
apparatus.llOO into the w^Ubqre 1005U In, a preferred embodiment, the support 
member 1150 further, includes one or more conventional centralizers (not ^ 
25 illustrated) to help stabile the tubular member 1110. ?x ;u >rr ^ 

In a preferred embodiment, a qupitity, of lubricant 1150 is provide in' 
the annular region above the expandable mandrel 1105 within the interior o ] f ~ 
the tubular member 1110- In this manner, the extrusion of the tubular 
member 1110 off of the expandable mandrel U05 is facilitated. The lubricant 
30 1150 may compree } any number of conventional commercially available 

lubricants such ^,.fojr example, Lubriplate, chlorine based lubricants or Climax 
1500 Antiseize (3100). In a preferred embodiment, the lubricant 1150 - 
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comprises CJLimax 1500 Antiseize (3100) available from Climax Lubricants arid 
Equipment Co. in Houston, TX in order to optimaUy provide lubrication for the 
) extrusion process., . , .- , •? 

In . a. preferred embodiment, the support member 1 150 is thoroughly 
5 cleaned prior to assembly .to the remaining portions of the apparatus 1100. In ' 
this manner, the in troduction of foreign material into the apparatus 1 100 is 
mmimized. This minimizes the possibility of foreign material clogging the 
various flow passages and valves of the apparatus 1100 and to ensure that ho 
foreign material interferes with the expansion mandrel 1105 during the 
10 extrusion process. v . j •: 

In a particularly preferred embodiment* the apparatus 1100 includes a 
packer 1155 coupled to the bottom section of the shoe 1115 for fluidicly 
isolating the region of the, ^ellbore 1000 below the apparatus 1 100. In this 
t manner, flmmc,^ 
15 weUbore 1000 below the apparatus 1100. The packer 1155 may comprise any 
number of conventional commercially available packers such as, for example, 
EZ DriU Packer, EZ SV Packer or a driUable cement retainer. In a preferred 
embodiment, the packer 1155 comprises an EZ DriU Packer available from 
Halliburton Energy Services in Dallas, TX= In an alternative embodiment, a 
20 high gel strength pill may be se^below the tie-back in place of the packer 1155. 
In another alternative embodiment, the packer 1155 may be omitted. 

In a preferred embodiment before; or after positioning the apparatus 
1100 within the weUbore J.^pO, ; .a: couple of wellbore volumes are circulated in 
order to. ensure that; no foreign materials are located within the weUbore 1000 
25 that might clog up the various flow passages and valves of the apparatus 1100 
and to ensure that no foreign material interferes with the operation of the 
expansion mandrel ,1105. „ j. ■ , ; , 

As iUustrated in Fig. 10c, a hardenable fluidic sealing material 1160 is 
then pumped from a surface location into the fluid passage 1130. The material 
30 1160 then passes from the fluid passage 1130 into the interior region of the 
tubular member lilO'below the expandable mandrel 1105. Th material 1160 
then passes from the interior, region, of the tubular member 1 1 10 into the fluid 
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passages 1140. The material 1160 then exits thfe apparatus 1100 and fills the 
annular region between the exterior of the tubular member 1110 arid the 
interior wall of the tubular liner 1008. Continued pumping of the! material 1160 
causes the material 1160 to fill up at least a portion- of the annular region. 
5 • The material 1160 may be pumped into th& annular region at pressures 
and flow rates ranging, fot example; from about 0 to 5,000 psi arid 0 to 1,500' 
gaUons/min, respectively. -In a preferred embodiinent,- the material 1160 is 
pumped into the annular region at pressures' and flow rates specifically 
designed 'for the casing sizes being run, the annular spaces being filled, the 

10 pumping equipment available, and the properties of the fluid being pumped. 
The optimum flow rates and pressures are preferably calculated using 
conventional empirical methods. 

; The hardenable fluidic sealing material 1160 may comprise any niilnber 
of conventional. v commerciaHy> available haf denablfe fluidic sealing materistls' such 

15 as, for example, slag mix, cement or epoxy. Iii a preferred embodimeht, the 
hardenable fluidic seating material 1160 comprised blended cements specifically 
designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide propter support for the 
tubular member 1110 while main t^ini^g wp timnm flow characteristics so as to 

20 minimize; operational' difficulties during the displacement of cement in the 
annular region. The optimum blend of the blended cements are preferably 
determined using conventional empirical methods; ' : k * 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1110, 

25 the annular region will be filled with material 1160. ' 1 ^ ; 

As illustrated in Fig. lOd, once the annular region has been adequately 
filled with material 1160, one or more plugs 1165, or othei 1 similar devices, 
preferably are introduced into the fluid passages 1140 thereby fluidicly isolating 
the interior region of the tubular member 1110 from the annular region 

30 external to the tubular member 11 101 In a preferred embodiment, a non 

hardenable fluidic material 1161 is then pumped into the interior region of the 
tubular member 1110 below the mandreM105 causing the interior regioh to 
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pressurize. In a particularly preferred embodiment, the one or more plugs 
1165, or other similar devices, are introduced into the fluid passage 1140 with 
the introduction of the non hardenable fluidic material. In this manner, the 
amount of hardenable fluidic material within the interior of the tubular 
5 member 1110 is minimized. •<■."• 

As illustrated in Fig. 10e, once the interior region becomes sufficiently 
pressurized, the tubular member 1110 is extruded off of the expandable 
mandrel 1105. During the extrusion process, the expandable mandrel 1105 is 
raised out of the expanded portion of the tubular member 1110. 
10 The plugs 1165 are preferably placed into the fluid passages 1140 by 

introducing the plugs. 1165 into the fluid passage 1130 atca surface location in a 
conventional manner,, The plugs .1165 may comprise any number of 
conventional commercially ^: availaJble devices from plugging a fluid passage such 
as, for example, brass bajls f ,pjugs, rubber baus,:br< darts modified in accordance 
15 with the teachings of .the present disclosure. • • t , - 

In a preferred embodiment, the plugs 1165 comprise low density rubber 
balls. In an .alternative enAodimen^ for a shoe 1105 having a conimon central 
inlet passage, the plugs 1 165 comprise a single latch down dart. 

After placement of the plugs 1165 in the fluid passages 1140, the non 
20 hardenable fluidic material ; 1161 is preferably pumped into the interior region 
of the tubular member 1110 below the, mandrel 1105 at pressures and flow 
rates ranging from approximately. 500 to 9,000 psi and 40 to.3,000 gallons/min. 
In a preferred embodunent, after placement of the plugs 1165 in the fluid 
passages 1140, the non hardenable fluidic material 1161 is preferably pumped 
25 into the interior region of the tubular member 1110 below the mandrel 1105 at 
pressures and flow rates rangmg from approximately 1200 to 8500 psi and 40 to 
1250 gallons/min in order to optimally provide extrusion of typical tubulars. 

..' For typical tubular members 1110, the extrusion of the tubular member 
1110 off of the.expandable mandrel 1105 will begin when the pressure of the 
30 interior region of the tubular member 1110 below the mandrel 1105 reaches, for 
example, approximately 1200 to 8500 psi. In a preferred embodiment, the 
extrusion of the tubular member 1110 off of. the expandable mandrel 1105 
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begins when the pressure of the interior region of the tubiilar member lliO 
below the mandrel 1105 reaches approximately 1200 to 8500 pbi. 5 
During the extrusion process, the expandable mandrel 1105 may be 
raised out of the expanded portion of the tubular member 11 10 at rates 
5 ranging, for example, from about 0 to 5 ft/sec In a preferred embodiment, 
during the extrusion process, the expandable mandrel* 1105 is raised out of the 
expanded portion of the tubular member 1110 at rates ranging from about 0 tci 
2 ft/sec in order to optimally provide permit adjustment of operational J 
parameters, and optimally ensure that the extrusion process will be completed 

10 before the material 1160 cures. • 

■ , In a preferred embodiment, at least a portion 1 1 80 of the tubular * 
member 1110 has an internal diameter less than the outside diameter of the 
mandrel 1 105. In this manner, when -the mandrel 1 105 expands the section 
1180 of the tubular member 1110, at teast a portionl of the expanded section 

15 1180 effects a seal with at least the wellbore casing 1012. Lri a particularly ■ 1 
preferred embodiment, the seal is effected by compressing" the seals 1016 
between the expanded section 1180 and the wellbore casing 1012. Tfna ; 
preferred embodiment, the contact pressure of the joint between the expanded 
section 1180 of the tubular member 1110 and the casing 1012 radges from 

20 about 500 to 10,000 psi in order to optimally provide pressure to activate tfee 
sealing members 1145 and provide optimal instance to ensure that the joint 
will withstand typical extremes of tenide and compressive loads V 

In an alternative preferredembddinieDLt, substantially all of the entire 
length of the tubular meihber 1110 has an internal diameter less than the 

25 outside chameter of the mandrel 1105 In this manner, extrusion of the tubular 
member 1110 by the mandrel 1105 results in contact between substantially all 
of the expanded tubular member 1110 and the existing casing 1008. In k 5 
preferred embodiment, the contact: pressure of the joint between the expanded 
tubular member 1110 and the casings 1008 and 1012 ranges from about 500 to 

30 10,000 psi in order to optimally provide pressure to activate the sealing 
members 1 145 and provide optimal resistance to ensure that the joint will : 
withstand typical extremes of tensile and compressive loads. 

- 66 - 

SUBSTITUTE SHEET (RULE 26) 



WO 00/77431 



PGT/BLOO/00245 



In a preferred --embodiment; the operating pressure ancl flow rate of the 
material 1161 is; controllably ramped down Wheii the expandable mandrel 1105 
reaches the upper end portion of the tubular member 1110. In this manner, the 
sudden release of pressure caused by the complete' extrusion of the tubular 
5 member 1110 off of the expandable mandrel 1105 can be minimized. In a 
preferred embodiment, the operating pressure of the fluidic inaterial 1161 is 
reduced in a substantially linear fashion from 10ti% to about 10%* during the 
end of the extrusion process beginning when the mandrel 1105 has completed 
approximately all but about 5 feet of the extrusion process. 

10 Alternatively, or in combination, a shock absorber is provided in the 

support member 1150 in order to absorb the shock caused by the sudden release 
of pressure. ^ - * * ; 

Alternatively, or in combination, a mandrel catching structure is 
provided in the tipper end portion of fo^ 11 10 in order to catch 

15 or at least decelerate the mandrel 1105. ^ M 
Referring to Fig. lOf, once the extrusion process is completed, the 
expandable mandrel 1105 is removed from the weilbore l600. In i preferred 
embodiment, either before or after the removal of the expandable mandrel 
1105, the integrity of the fluidic seal of the joint between the upper portion of ' 

20 the tubular member 1110 and the upper portion of the tubular liner 1108 is ' 
tested using conventional methods. If the" fluidic seal of the joint between the 
upper portion of the tubular member 1110 k&d ! the upper portion of the tubular 
liner 1008 is satisfactory, then the uhcured portion of the inaterial 1160 within 
the expanded tubular member 1110 is then removed in a conventional maniier. 

25 The material 1160 within the annular region between the tubular member lllO 
and the tubular liner 1008 is thfen allowed to cure: ' 

As illustrated in Fig. lOf, preferably any remaining cured material 1160 
within the interior of the expanded tubular member 1110 is then removed in a 
conventional manner using a conventional drill string. The resulting tie-back 

30 liner of casing 1170 includes the expanded tubular member 1110 and an outer 
annular layer 1175 of cured material 11601 - "? 
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As illustrated in Fig. lOg, the remaining bottom portion of the apparatus 
1100 comprising t£<e shoe 1115 ^nd packer 1155 is then preferably removed by 
drilling out the shoe 1115 and packer 1155 using conventional drilling methods.. 

In a particularly preferred embodiment, the apparatus 1100 incorporate^. 
5 the apparatus 900. , f - ; 

Referring now to -Figs, lla-llf, an embodiment of an apparatus and - 
method for hanging a tiibular liner off of an existing wellbore casing will now be 
described. As illustrated in Fig. 11a, a wellbore 1200 is positioned in a 
subterranean formation 1205, The wellbore 1200 includes an existing cased 
10 section 1210 haying a tubular casing 1215 and an annular outer Iftyer of cement 

1220. ; : . ; ^ • ... . , , ;■ • . 

: In order to extend the wellbore 1200 into the subterranean formation 
1205, a drill string 1225 is used in a^well known manner to drill put material V: ! 
frpm the subterranean formation 1205 to form a nayr section 1230. * 

15 .,. As illustrated in Fig, lib, an apparatus 1300 for forming a wellbore 
casing in a subterranean formation is then positioned in the new section 1230 
of the wellbore, 100. The apparatus 1300 preferably includes ijn expandable * ; * 
mandrel pr pig 13Q5, a tubular member 1310, a shoe 1315, a fluid passage 1320, ^ 
a fluid passage 1330, a fluid passage 1335, seals 1340, a support member 1345, ; 

20 and a wiper plug 1350. - - . 

The expandable mandrel , 1305 1 is coupled to and supported by the support 
member 1345, The. expandable mandrel 1305 is preferably adapted to 
controllably expand in a radial direction. The expandable mandrel 1305 may 
comprise any number of conventional commercially available expandable 

25 mandrels modified in accordance yrith thf teachings of the present disclosure. 
In a preferred embodiment, the expandable mandrel 1305 comprises a hydraulic 
expansion tool substantially as disclosed in U.S, Pat. No. 5j348,095, the 
disclosure of which vis incorporated herein by .reference* modified in accordance 
with the teachings of the present disclosure. 

30 The tubular member l r 310 is -coupled to and suppoil^d by the expandable 

mandrel 1305. The tubular member 1310 is preferably expanded in the radial 
direction and extruded off of the expandable mandrel 1305. The tubular 
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member 1310 may beTabricated firdm any "number of materials such as, for 
example, Oilfield Country Tubular Goods (OCTG)/l3 cm-omium steel 
tubing/casing orgiastic casing:* In a preferred embodiment, the tubular 
. member 1310 is fabricate* from GGTG. 1 The inner and outer diameters pf the 
5 tubular.mpmber i310 Imay ranged for example, from approximately 0.75 to 47 
inches and 1.05 tq 48 inches, respectively. In a preferred ^ embodiment, the 
inner and f outer diameters of the tubular membW'lSlO 'rthge from about 3 to 
15.5; inches and 3.5 to 16 inches, respectively Worker to optimally pro vide 
minimal telescoping effect in the most commonly encountered Iwellbore sizes: 
10 In a preferred embodiment, the tubular member 1310 includes an upper 

portion 1355, an intermediate portion 1360, and a loW portion 1365. In a 
preferred embodiment ^the»wall thickness and outer diameter of itiie upper 
P^r&pn ^355 Pt fche Mbmar inember 13i0 raiige from about 3/8 to 1 ^ inches ^ 
■ ii andS i£ t :..< 

15 thickness and outer diameter bFthe mtei^em^iwrtion 1360 of ^jtiibidaV^ 
member 1310 range from about 0.625 td 0.75 inches and 3 to 19 inches, 
respe^ctiye^ In a preferred ernbodiment; the wall thickness and; outer , ; 
diameter of the lower portion 1365 of ttie tubulsfr member 1310 range frbb£/ 
about 3/8 to 1.5 inches and 3.5 ttiP16 inches, respectively. A 
20 In a particularly preferred embodiment, the filter diameter of the lower 

portion 1365 of the tubular member 1310 is* &gni&antly less than the outer 
diameter of the upper of the 

tubular member 1310 in order to optimize the formation of a concentric and 
overlappmg arrangement of wenbore^cals ' 
25 described below with x?eference 5 tb- Pigsl 12' and" 13^ a welmead system is 

optimally provided, ■* preferred emltfdiment; tne mrn^ation of a wellhead 
system does not^mdude^ 

In a particularly preferred embooimeht, the wall thickness of the 
mtennediate section 1360 of the tubular member 1310 is less than' or equal to 
30 the waU thickness Qf^the upper and loweir sections, 1355 and 1365, of the 
tubular member 1310 in order to optimally facihate the initiation of the 
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extrusion process and optimally ^permi^e placement of the apparatus in areas 
of the wellbore having tight clearances. . , , f -. 

The tubule member 1310 preferably comprises a solid rhember In a 
preferred embodiment, the upper end portion 1355 of the tubular. m ember 1310 
5 is slotted, perforated, or otherwise modified to ,catch or slow down the mandrel 
1305 when it completes theextxusion of tubular member 1310, In a preferred 
embodiment, tie length of the tubular member 1310 is lifted to minimize fee 
possibuityofbuckling. .For^icaltubula,^^^^^^ ^ ie ^ 

of the tubular member 1310 ispreferably limited to between about 40 to 20*000 
10 feet in length. ' 

The shoe' 1315 is' coupled, to the.- tubular member 1810. The shoe l315 ^ 
preferably includes fluid passages 1330 and, 1335. The shoe 1315 may comprise 
any number of conventional commerdalfea^ for^ample^ 

15 seaimgsleeve ibra ^down ^m^^^^^^ ' 
of the present disclosure. In a preferred embodiment, shoe 1315 comprises 
an aluminum down^et guide shoe with a sealing sleeve for a latch-down plug * 
available from Halliburton Energy Services- in Dallas, TX, modified in 
accordance with the teacup of tt.e^^t disdos^.m order to optinudly •* 
20 tubular member ^ 

isolate the interior of the tubul^^^ ... 
complete drill out of tiae shoe 1315 Wn^e completi^ 
cementing operations. , t ( , 

W a prefer embodta,^ th e shoe 1315furaim 
25 s,de outlet ports in fluidic commu^ca*,, the fluid passage 1330. ^ 
manner, 1815 preferahr, toj^ fca.rdenabte fluidi. material - ' 

into the region outside the shoe 1315 and tubular gnembef 1310. 'In a preferred 

geometry that can receive a fluidic sealing member. In this manner, the fluid 
30 parage 1830 « be sealed pi by introducing a pi „g, dar>and/or baU sealing 
elements into the fluid passage 1330. ^ • ». , . 
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The fluid passage* 1320 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1310 below the expandable 
mandrel 1305.; Thetflbid passage 1320 is coupled to and positioned within the 
support member 1345 and the expandable mandrel 1305. The fluid passage 
5 1320 preferably extends from a position adjacent to the surface to tlie bottom of 
the expandable mandrel 1305. >The fliaid passage 1320 is preferklily positioned * 
along a centerline of the apparatus 1300i ! The fluid p£ssa£e 13^0 is preferably 
selected to transport materials such as cement, drilling mud, or epoxies at flow 
rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 

10 psi in order to optimally provide sufficient operating pressures to circulate 
fluids? at; operationally efficient rates. * v >vi J ' 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 13 15. The fluid 
passage 1330 is^coupled to and ^ petitioned ^thrn* the shoe 1315' in fluidic 

15 communication with the interior region i#70S of the tubular membef f31 ! 0 below 
the expandable mandrel:1305. The flmd p^age^ ^ has aexdss- 

sectional shape that permits a plug, or bthfer similar device, to be placed in fluid 
passage 1330 to thereby block further passage of fluidic materials. In this 
manner, the interior region 13'70 f of the tubular member 1310 below the 

20 expandable mandrel 1305 can be fluidicly isolated from the region exterior to 
the tubular member 1810;i This perr^ts the mtenof region 1370 of th6 tubular 
member 1310 below the expandable mandrel 1305 tb tee prfeisurized. The iluid 
passage 1330 # preferably positioned substantially along: the centerline of the 
apparatus 13001 ^ /^r*,r^:- r ; <-.: i; ^ 7 ' • ; -' 

25 The fluid passage 1330 is preferably selected to convey materials such as 

cement, drilling mud >o:r epoxies at ? flow rates and pressures ranging from about 
0 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the 
annular region (between the tubular member 1310 and the new section 1230 of 
the weUbore/1200 with fluidic materials; In a prefaftred fei^bdiment; the fluicl 

30 passage 1330 indudes an inlet geometiy that can deceive a dart and/br a ball 
sealing member. In tti3 manner, th fluid passag 1330 can be sealed off by 

-71- 

SUBSTITUTE SHEET (RULE 26) 



; .^0.00/77431 



PCT7ELOq/p0245 



introducing a pjug, dart and/or.ball sealing elements into the fluid passage 



1320. 



. The fluid passage 1335 permits fluidic materials to be transported to and 
from the rejppn^terior to the tubuiar.member 1310 and shoe 1315. The fluid 
5 passage 1335, is .coupled to and positioned, within the shoe 1315 in fluidic " 
wmmumcatipn ^ tf»e-fluid paasage.l^. The fluid passage 1335 is - , 
preferably positioned substantially along the centerlihe of the apparatus 1300/ 
The fluid passage 1335 is preferably selected to convey materials such as i 
cement, drilling mud or eppxies.at flow rates and pressures ranging" from about 
10 0 to 3,000 ga^ons/mmute and O.to^OOO psi ;! 
annular region between the tubular member 1310 and the new.section 1230 of 
the wellbore 1200 with fluidic materials. ... :, . „ , , - 

, The seals, 1340 are coupled to and supported .by.tkerupper end.portion 
1355 of the tiibular ^member, J3I0, Th^ ^ 
15 outer s^ace of the. upper end ^rtion 135^ 13:l0 The > 

seals 1340 permit the overlappin^o^between the lower end portion off the 
casing 1215 and the upper portion 135§ of the tubular member.1310 . to be « , 
fluidicly sealed. The seals 1340 i^y comprise .any number** conventional 
commerciaDy availably seals, such as,ifor example, lead,, rubber. Teflon, ^epoxy : 
20 seals modified in accordant Ia a 

preferred e^^en^e.. 8 ea|s^3^5b ln ^ sealsTmolded from Stratalock - 
epoxy avaflab^ from|^urton ^ to -r 

optimaUv pro^de a hydrauhc seal in, the .ajmulus ofcthe overlapping joint while 
also creating optimal load bearing capability to withstand typical tensile and 
25 compressive loads. 

I" La preferred einbodiment, the seals, 134&are selectedto optimally : 
provide a sufllcient Actional force to support the expanded lobular member 0 
1310 from the existing casing 1215. la a preferred embodiment, tihefrictional 
force provided by the se^ls 1340 ranges from.about 1,000 to 1,000,000 Ibf in 
30 order to optimally support the.expanded tubular member 1310. ; , i : ... , 
The support member 1345 is coupled to the expandable- mandrel 1305 
tubular member 1310, shoe 1315, and seals 1340. The support member 1345 
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preferably comprises an annular member having sufficierit strength to carry the 
apparatus 1300 into the new section 1230 'of the wellbore 1200. In a preferred 
embodiment, the support member 1345 further includes one or more 
conventional centf alizers (not illustrated) to help stabilize the tubular member 
5 1310. / ' 

In a preferred embodiment, the support member 1345 is thoroughly 
cleaned prior to assembly to the remaining portions of the apparatus 1300. In 
this manner, the introduction of foreign material into the apparatus 1300 is 
minimized. This minimizes the possibility of foreign material clogging the 

10 various flow passages and valves of the apparatus 1300 and to ensure that no 
foreign material interferes with the expansion process. 1 

The 5 wiper plug 1350 is coupled to the mandrel 1305 within the interior 
region 1370 A of the fribular member 13 10. The wiper plug 1350 includes a fluid 
passage 1375 that is coupled to the fluid passage 1320. The wiper plug 1350 

15 may comprise one or more conventional commercially available wiper plugs 
such as, for example, Multiple Stage Cementer latch-down plugs, Omega latch- 
down plugs or three-wiper lateh-down plug mollified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the wiper plug 
1350 comprises a Multiple Stage Cementer latch-down plug available from 

20 Halliburton Energy Services in E)allas^ in a conventional manner 

for releasable attachment to the expansion mandrel 1305. 

In a preferred eiiibodimeiit; teibre or after positioning the apparatus 
1300 within the new section 1230 of the wellbore 1200, a couple of wellbore 
volumes are circulated in order to (ensure that ho foreign materials are located 

25 within the wellbore 1200 that mi£ht clog up the various flow passages and 
valves of the apparatus 1300 and to ensure that no foreign material interferes 
with the extrusion process. 

As illustrated in I^ig. "lifcja hardenable fluidic sealing material 1380 is 
then pumped from a surface location into the fluid passage 1320. The material 

30 1380 then passes from the fluid passage 1320, through th fluid passage 1375, 
and into ? tne interior region 1370 of the tubular memb r 1310 below the 
expandable mandrel 13051 The material 1380 tlien passes from the interior 
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region 1370 into the fluid passage 1330. The material . 1380 then .exits the 
apparatus 1300 via th fluid passage 1335 and fills the, annular region 1390 J 
between the exterior of the tubular member 1310 and the interior wall of the 
new section 1230 of the wellbore 1200. Continued pumping of the material 
5 1380 causes the material 1380 to fill up at least a portion of the annular region 
1390. 

The material 1380 may be pumped, into the annular region 1390 at 
pressures and flow rates ranging, for example, from about 0, to 5000^ and 0 to, ( 
1,500 gallons/min, respectively. In a preferred embodiment, the material 1380 
10 is pumped into the annular region 1390 at pressures and flow rates ranging 
from about 0 to 5000 psi and 0 to 1,500 gaUons/iiun ;; respectively, in order to 
optimally fill the annular region between the tubular member }310 and the new 
section 1230 of the wellbore 1200 with the hardenable, fluidic seaj^g inaterial 7 - 



1380. 



15 The hardenable fluidic sealing material 1380^^ , 

of conventional commercially ^ available hardenable fluidic sealing; n^atenals such I 
as, for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing materia? 1380 comprises blended cements designed 
specifically for the well section being drilled and available from Halliburton ; 
20 Energy Services m order to op^ 

1310 during displacement of the material 1380 in the annular region 139X). The 
optimum blend of the cement is prrfe^ly determined, using, conventional 

empirical methods. 

• * r , •:■ ..\v ■ - r $c. . "I •■ ' * 

The annular region 1390 preferably is filled with the material 1380 in 
25 suffident quantities to ensure that^ u^ 

member 1310, the annular region 1390 of the neyr section. 133$ of the wellbore 
1200 will be filled with material 1380. 

As iUustxated in Pig. l id, once the annular region , 1390 has been 
adequately filled with material 1380, a wiper dart 1395, or other similar device, 
30 is introduced into the Quid passage 1820. ' The wiper da* 1395, is preferably, • 
pumped through the fluid passage 1320 by a non hardenable fluidic material 
1381. The wper dart 1395 then preferably engages, the wi^er .plug, 1350. . . K „ ,. ; . 
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A& illustrated in Fig. lie, in a prefeir^'emfiddiiitent, engagement of the 
wiper dart 1395| with jfche' wiper plug 1350 causes the wipfer jiliig 1350 to 
decouple from the mandrel 1305. The wiper dart 1395 and wiper plug 1350 
then preferably will lodge in the fluid passage 1336, thereby blocking fluid flow 
5 through the fluid passage 1330, and fluidicly isolating the interior region 1370 
of the tubular member 1310 from the annular region 1390. In a preferred 
embodiment, the non hardenable fluidic material 1381 is then pumped into the 
interior region 1370 causing the -interior region 13^0 to pressurize. Once the 
interior region 1370 becomes sufficiently pressurized, the tubulaf member 1310 

10 is extruded ofPof the expandable mandrel 1305; Diurin^ the extrusion process, 
the expandable mandrel 1305 is raised out of the expanded portion of the 
tubular member -13 10 b^ l ' 

s Th^wipef dart -1395 5 is' prefei*ably placed into the fluid passage 1320 by 
introdu^^the ^pie^ a 1320 at a surface location 

15 in a conventional mfiriVi'er:^ The wiper dart 1395 inky comprise any nuniber 6t 
conventions i^nim fluid passage such 

as, for example, Multiple Stage Cemehter latch-down plugs, Omega latch-down 
plugs or three wiper latch-down plug/daft modified in accordance with the 
teachings of the present disclosure In : a preferred grnhndinrmn th* wiper dart 

20 1395 comprises a three v^per latch-down pliig modified to latch and seal in the 
Multiple Stage Cemeiiter Iktch down plug 1350; The three wiper latch-down 
plug is avail^le frota Ha& T ' 

After bto^ 

wiper daict 1395," the non hardenable fluidic nmt^ri'al $381 may fee pumped into 
25 the interior regi6n>1370 at pressures land flow rates ranging, for example, from 
approximately 0 to 5000 psi and Q to 1^500 gallons/min in order to optimally 
extrude the CUbxdar member 1310 off of the mandrel 1305. In this manner, the 
amount of hardenable fluidic materia! withiii the inferior of the tubular 
member 1310 is minimized. : : s 

30 In a preferred embodiment, after blocking the fluid passage 1330, the 

non hardenable fluidic material 1361 is preferably pumped into the mterior 
region 1370 at pressures and flow rates ranging from approximately 566 to 
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9,000 p»si and 40 to 3,Q00 gallons/min in order to optimally provide operating 
pressures to maintain the expansion. process at rates sufficient to permit 
adjustments to be made -in operating parameters during, the .extr^ision process- 
For typical tubular members 1310, the extrusion of the tubular member 
5 1310 off of the expandable mandrel 1305 will begin when the pressure pf ; .the * ; 
interior region 1370 reaches, for example, approximately 500 to 9,000 psi; In a 
preferred embodiment, the extrusion of the tubular member 1310 off of th 6 
expandable mandrel 1305, is a function of the tubular member diameter, wall 
thickness of the tubular member, geometry of the mandrel, the type.of -~ ! u * 

10 lubricant, the composition of the shoe and tubular member, and the yieid t 
strength of the tubular member. The optimum flow rate and operating 
pressures are preferably determined Rising conventional empirical methods. - 

, During tfee extrusion process, the expandable mandrel 130&mpy be 
raised out-of the exp^de^ ^^o^pf ^th^ tubular ^e?nber 1§ 10 at< rates » 1 

15 ranging, for exampl^, from^c^f Q to5;fVsTO. In-a preferred embodiment,; : : : 
during the extrusion process, the expandable mandrel 1305 may be raided out of 
the expanded portion of the fibular member ,1310 $t rates ranging from about 0 
to 2 fVsec in order to optimally provide an efficient process, optimally, permit 
operator adjustment of operation parameters, and ensure optimal completion of 

20 the extrusion process before curing of the matei^al 1380,- .-. < . 
When toe upper e^^ 
extruded off of the e^andable m^ndrol 13Q5, the outer surface of the .upper en,d 
portion 1355 of the tubular men^ber 1310 yjill preferably contact the interior 
stjffface of the lower end po^p^of casing. 1^15 .tpjfprm fii*id tight 

25 overlapping joint. The cqntsu^ fat 
example,, from approximately 50£p 20,000 psi In a preferred embodiment, the 
contact pressure of the overlapping joint ranges t firom approximately 400 to 
10,000 psi in order to optimally provide contact pressure sufficient to ensure « 
annular sealing and provide enough resistance to withstand typical tensile and 

30 compressive loads. In a pa^cularly preferred embodiment, the sealing 
members 1340 will, ensure an adequate fluidic and gaseous seal in the : 
overlapping joint. . ( 
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In a preferred embodiment, the operating pressure and flow rate J of the 
non hardenable fluidic material 1331 is cohtrollaibly ramped down when the " 
expandable mahdrell305 reaches the upper end portion 1355 of the tubular 
member 1310. In this manners the sudden release of pressure caused by'the 
5 complete extrusion of the tubular member 1310 off of the expandable mandrel 
1305:can! be minimiz ed. In a preferred embodiment, the operating pressure is 1 
reduced in a substantially linear fashion from 100% to about 10% during the ! 
end of the extrusion process beginning when the mandrel 1305 has completed 
approximately all but about 5 feet of the extrusion process. 
10 Alternatively,, or in combination, a shock absorber is provided in the 

support member 1345 in order to absorb the shock caused by the sudden release 
of pressure. ; ' -4' . -k \ :■. ' : . T. •' .: 

,; Ait^atiy^y,vor«infc»mbmatio^ - 
. provided^ .th© upper end.portion- 1355 of the tubuTar member 1310 in order to 
15 catch or at least decelerate €h^inandrel l3b5.<; a ; - r - : - : " - 

Once the extrusion process is completed, the expandable mandrel 1305 is 
removed from the wellbore 1200. i ln a preferred ^^ enmodiment, either before or' ^ 
after the removal of the expandable mandrel 1305Vthe integrity of the fluidic 
seal ofrthe oyerlappmg joint between the ^ upper portioh 1355 of the tubular s 
20 member 1310 and the lower pfxe^on'C§^h^i^-'&aS'ia-ii^lk^v^n% r ' 
conventionafcmethods.. If the fluidic seal of the< overlapping joint between the 
upper portion 1355 of the tubular member 1810 and the lower portion of the 
casing 1215 is satisfactory/ then theuncured portion of the material 1380 
within the expanded tubular member 1310 I thetfremoved in a conventional 
25 manner. The material 1380 within the annular regioft 13^0 is then alldwed to 
cure, •;. ■ : \ ..; • t ..•> ■.' v >/ '* • .•" ■■>■ 

As Ulustrated in Fig. llf, preferably any remaining cured material 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new 
30 section of casing 1400 includes the expanded tubuu^ mfember 1310 and an 
outer annular layer 1405 of curediniaterial 305. ' The bottom portion of the 1 
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apparatus 1300, comprising the shoe 1315 may then be> removed by drilling out 
the shoe 1315 using xo^yentional drilling methods. ^ . ' * . 

: J^feiTing now to Figs, 12 and 13, a preferred embodiment of a wellhead 
system, 150p r fpraaed using one or more of the apparatus and processes' described 
5 above y^tl^tferrace to Figs, lrllf will be described, (The wellhead system U50G 
preferably includes a conventional Christmas tree/drilling spool assembly >1505, 
a thick wall casing 1510 v an annuls body, of cement 1515, an oute? easing 1520, 
an annular bodty of cement 1525, an intermediate casing 1530, and an iiinfer 
casing 1535. j v ; _ 

10 The Christmas tree/drilling spool assembly 1505 may comprise toy 

number of conventional Christijias tree/drilling spool assemblies such as, for 
example, the SS-15 Subsea Wellhead System, Spool Tree Subsea Production 
System or the Compact Wellhead System available from suppliers such as Dril- 
Quip^Can^ 

15 present disclosure. The drilling spool assembly 1505 is preferably operably -* > 
coupled to the thick wall casing 151,0 and/or the outer: casing 1520. The 
ass^bly J505 may be coupled to the; thick wall (ctoing-15 10. and/or outer casing 
1520, for example, by welding, a threaded connection or made fromsingle stock. 
In a preferred embodiment, the assembly 1505 is coupled to the thick wall 

20 casing 15 1Q and/or outpr casing 1520 by Welding. : I ^ <: ^ 

The thick wall casings 15 10- is positioned in> the: upper end of a wellbore 
1540., In a preferred embodUim^nt, at Ip^st a portion of the thick wall casing v * 
1510 extends alcove th^ surf«^vl545 ii* oi-derjto optimally 'provide easy access <-> 
and attachment to the Christmas tx^e/c)rilling spool assembly 1505. The thick 

25 wall casing 1510 is preferably, qoupled to the Christmas txee/drilling spool . 
assembly 1505, the annular body of cement 1515, and the outer casing 1520. * 

The thick wail casing 1510 may comprise any number of conventional 
commercially available hi^i strength weUbpre: casings such as, for example, 
Oilfield Country Tabular Goods, titanium tubingror stainless steel tubing. In a 

30 preferred en&odiment, th^ thick wall casing 1510 comprises Oilfield Country* 
Tubular ..Goods available .firom various for eign and domestic steel mills. In a 
preferred embodiment, the thick wall casing 1510 has a yield str ngth of about 
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40,000 to 135,000 psi in order to optimally provide maximum burst, collapse, 
and tensilef strengths. In a preferred embodiment, the thick wall casing 1510 ' 
has a failure strenjgth in excess of about 5,66o to 20|000 psi in order to 
optimally provide maximum operating fcapacity and resistance to degradation of 
5 capacity after bfcing drilled thfdugh for an extended time period. ^ r 
* The annular body of cement 1515 provides support for the thick Wall 
casing 1510. The annular body of cement 1515 may be provided using any 
number bf conventional processes for forming an annular bo<iy of cement in a 
Wellbore. The arinuhir body of cement 1515 may comprise any number of 

10 conventional cement mixtures!; 1 

^ ; The outer casing 1520 is coupled to the thick wall casing 151o! The outer 
casing 1520 may be fabricated from any number of conventional commercially 
available tubular members modified in accordance With the teachings of the 
present disdosiire/ fa^ casing 1520 comprises 

15 any one of the expandable tubular members described above with reference to 
Figs. 1-llf. * - • - * ' - " " l > K > * - '< 

In a preferred embodiment, the outer casing 1520 is coupled to the thick 
wall casing 1510 by expanding the 6uter casing 1520 into contact with at least a 
portion of the interior surface of the thick wall casing 1510 using any one of the 

20 embodiments of the processes and apparatus describ^l above witlh reference to 
Figs. 1-llf. In an alternative embodiment, substantially all of t6e overlap of the 
outer casing 1520 with the £hick wall casing 1510 contacts with the interior 
surface of tbfe thick wall casing 1510. " - • J ' * ' a . • ; 

Ttie contact pressure 6f £fce interface bfetvveen the outer casing 1520 and 

25 the thick wall casing 1510 may i^ange, for Waftj&i, frota about 500 to 10,000 
psi. Iri a preferred embodiment, the con tart pressure between the outer casing 
1520 and the tiuck vi^ c^ihg 1510 ranges from abbiit 500 to 10,000psiin 
order to optimally activate the prtesure activated sealing members and to 
ensure that the overlapping joint will optimally withstand typical extremes of 

30 tensil and compressive* Toads that are depenencetfdurffig drilling and 
production operations. * ; * '* ' 
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As illustrated in Fig. 13, in a particularly preferred embodiment, the r .... 
upper end of the outer casing 1520 includes one or more sealing members 1550 
that provide a gaseous and fluidic seal between the expanded qutjer casing 1520 
and the interior wall of the thick wall casing 15J.0. The sealing members 1550 „ * 
5 may comprise any number of conventional commercially available seals such as, 
for example, lead, plastic, rubber, Teflon or epoxy, modified in accordance with 
the teachings of the present disclosure. In a preferred embodiment, tb$ sealing.* 
members 1550 comprise seals molded from StrataLock epoxy available from; 
Halliburton Energy Services in order to optimally provide an hydraulic seal and 
10 a load bearing interference fit between the tubular members. In a preferred 
embodiment, the contact pressure of the interface between the thick wall casing 
1510 and the outer casing 1520 ranges from about 500 to 10,000 psi in order tof 
optimally activate the sealing members 1550 and also optimally epsure that the^ x ' 
joint will withstand the t^ical operating ^tremes of tensile ^ aixd a>mpi^siv^ 
15 loads during drilling and production operations. 

In an alternative preferred embodiment, the outer casing 1520 and thef ; 
thick walled casing 1510 are combined in one unitary member. 

The annular bq>dy of cement 1525 provided support iby the outer casing ^ 
1520. In a preferred embodiment^ the annular body of cement 1525 is provided " 
20 using any one of the embody 

above with reference tp Figs> 1-l^f. » ; t : 

The intermediate casing 1530 may be coupled to the outer casing 1520 or 
the thick wall casing 1510. In a preferred embodiment, the intermediate casing 
1530 is coupled to the thick vmll casing 15 IQ. f The intermediate casing 1530 
25 may be fabricated from any number of conventional commercially available; 
tubular members modified in accordance with the teachings ,jof the present 
disclosure. In a preferred embodiment, the intermediate casing 1530 comprises, 
any one of the expandable tubular members described above with reference to 
Figs. 1-llf. ■ 

30 In a preferred embodiment, the intermediate casing 1530 is coupled to 

the thick wall casing 1510 by expanding at least a portion of the intermediate 
casing 1530 into contact with the interior surface of the thick wall casing 1510 
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using any one of the processes and apparatus described above with reference to 
Figs. 1-lXf. In an alternative preferred embodiment, the entire length of the 
overlap of the intermediate casing 1530 with the thick wall casing 1510 contacts 
the inner surface of the thick wall casing 1510. The contact pressure of the 
5 interface between the intermedikte casing 1530 and the thick wall casing 1510 
may range, for example from about 500 to 10,000 psi. In a preferred r 
embodiment, the contact pressure between the intermediate casing 1530 and 5 
the thick wall casing 1510 ranges from about 500 to 10,000 psi in order to 
optimally activate the pressure activated sealing members and to optimally 
10 ensure that the joint will withstand typical operating extremes of tensile and 
compressive loads experienced during drilling and production operations.. 
,,, As, illustrated in Fig.? 13,* in a .particularly preferred embodiment, the ; 
• uijperien^i of the: intermediate casing 1530 includes one or more sealing/ c 
ni^mbers.4560 .^at provide a gaseous and fluidic seal between the expanded * 
,15 end of the intermediate casing 1530 and the interior wall of the thick wall f " * 
; casing. 1510. The sealing<members 1560 may comprise any number of • 
cpnventional commercially available seals such as, for example, plastic. lead, 
rubbe F» Teflon or epoxy, modified in accordance with the teachings of the 
present disclosure. In.a preferred embodiment^ the sealing members 1560 " 
20 compris^sealsimpldedfro^StrataLcdE epoxy available from Hamburton -r: 
Energy Services in order to optimally provide a hydraulic seal and a load 
bearing interference fit between the tubular members. 

In a preferred embodiment, the contact pressure of the interface between 
the expanded end of the intermediate casing 1530' arid the thick wall casing 
25 1510 ranges from about 500 to 10,000 psi in order to ^ptinially activate the ? 
sealing members 1560 and also optimally ensure that the joint will withstand !i 
typical operating extremes of tensile and compressive loads that are 1 
experienced during drilling and production operations. 

The inner casing.1535 may be coupled to the outer casmg l520 or the 
30 thick viraH casing 1510. In a preferred eombdiment, th inner casing 1535 is 
coupled to the thick wall casing 1510. The inner casing' 1535 may be fabricated 
from any number of conventional commercially available tubular members 
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modified in accordance with the teachings .of the present disclosure.: In a . * 
preferred embodiment, the inner easing 1535* comprises any one of this 
expandable tubular members described aboVe with reference to* Figs.' 1-1 If. : 

, In a preferred embodiment, the inner casing 1535 is coupled to the outer 
5 casing 1520 by expanding at least a portion of the inner casing 1535 inta 

contact with the interior surface of the thick wall casing 1510 using anyone of 
the processes and apparatus described above with reference to Figs. l-llf. lit 
an alternative preferred embodiment, the entire length of the overlap of the 
inner casing 1535 with the thick wall casing 1510 and intermediate casing 1530 

10 contacts the inner surfaces of the thick wall casing 1510 and intermediate" 
casing 1530. The contact pressure of the interface between the inner easing 
1535 and the thick wall casing 1510 may range, for example from about 500 to 
10,000 psL In a preferred embodiment, the contact pressure between the imler 
casing, 1535 and the thick \roU casing 1510 ranges from about 500 to 10,000 3 psi 

15 in order to optimally activate the pressure activated sealing members ^and to 
ensure that the;, joint will withstand; typical extremes of tensile and compressive 
loads that; are commonly experienced during drilling and production operations. 

As illustrated in Fig. 13y in a particularly preferred embcwiiment, the 
upper end of the inner casing 1535 includes one or more sealing members 1570 

20 that provide a gaseous , and ftuidic ^eal, between the expanded^end 6f the inner 
casing 1535 and the interior wall of the thick wall .casing 1510. The sealing 
members 1570 may comprise any? number of conventional commercially 
available seals such as, for example, load, plastic, rubber, Teflon or epoxy, 
modified in accordance with the teachings of the present disclosure. In a 

25 preferred embodiment, the sealing members 1570 cotn^rise seals molded from 
StrataLock epoxy available from Halliburton EJnergy Services in order to = 
optimally provide an hydraulic seal and a load bearing interference fit: In a * 
preferred embodiment, the contact pressure of the interface between the 
expanded end of the inner casing 1535 and the thick wall casing 1510 ranges 

30 from about 500 to 10,000 psi in Qrder to optimally activate the sealing members 
1570 and also to optimally ensure that the j int will withstand typical operating 
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extremes of tensite arid compressive loads that are experienced during drilling 
and production operations. * 5 

In an idternative embodiment, the inner casings; 1520, 1530 and 1535, 
may be coupled to a previously positioned tubular member that iM in turn 
5 coupled to the outei* casing 1510. More generally, *the present preferred 
embodiments may be used to form a concentric arrangement of tubular 1 
members. > * -\<' ^ >' - x "• - 

Referring now to Figures 14a, 14b, 14c, 14d, I4e and 14f, a preferred 
embodiment of a method and apparatus for forming a mono-diameter well 
10 casing within a subterranean formation will now be described. 

As illustrated in Fig. 14a, a wellbor e 1600 is positioned in a subterranean 
formation 1605.- A first section of casing 1610 lis forrned in the wellbore 1600. 
The first section of casing 1610 includes an annular 1 outer body of cement 1615 
and : 4 tubular section of ^ c^ing 1620: The of casing 1610 may be 

15 formed in the wellbore 1600 using conventional methods and a^para&s. In a 
preferred embodiment, the first section of casing 1610 is fonned Using one or 
more of the methods and apparatus described above with reference to Figs. 1 13 
or below with reference to Figs. 14b^l7b. ! 
The annular body of cement 1615 inay comprise any number of 
20 conventional commercially available cement, or other Idad bearing, 

compositions. Alternatively, the body of cement 1615 may be omitted or 
replaced with an epoxynrixtuir& :;i v: ' - ' ^ ■ b ~ ^ ; 

The tubular section of casing 1620 preferably includes an upper end 1625 
and a lower end 1630. Preferably^ the lower exid 1625 of the tubular section of 
25 casing 1620 indudes an ou^^^ar 

end 1630 of the tabular section of casing 1620. tii tins manner, the lower end 
1625 of the tubular section of casing 1620 includes a thin Walled section 1640 
In a preferred embodiment, an annular body 1645 of a compressible material is 
coupled to and at teast partially positioned within the outer auAiilkr recess 
30 1635. In this manner, the body of compressible inatenal 1645 sufroxmds at 
least a portion of the thin walled section 1640; 
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. The tubular section of casing 1620 may . be fabricated froin any number of 
conventional commercially available materials such as, for example, oilfield 
country tubular, goods, stainless steel, automotive, grade steel, carbon steel, low 
alloy steel, fiberglass or plastics. In a preferred embodiment, the. tubular ;J , v 
5 section of casing 1620 is fabricated from oilfield country tubular goods available 
from various foreign ^nd domestic steel mills. The wall thickness of the thin: 
walled section 1640 may range from about 0.125 to 1,5 inches. In a preferred' 
embodiment, the wall thickness of the thin walled section 1640 ranges from 
0.25 to 1.0 inches in order to optimally provide burst strength for typical 

10 operational conditions while also minimizing resistance to radial expansion. ; ; v < 
The axial length 9f the thin walled section 1640 may range from about 120 to 
2400 inches. In a preferred embodiment, the axial . length of the thiil walled 
section 1640 ranges from about 240 to .480 ;ii|ches;>/< i. , \ " V* ' V T 

The annular bpdy of compressible material; }L6 f 45 helps to nujiimize the - 

15 radial force required to expancj the tubular casing 1620 in^ the overlap with the 
tubular member 1715, helps to create a fluidic seal in tlye overlap with the 
tubular member 1715, and helps to create an interference fit sufficient to 
permit the tubular member 1715 to be supported by the tubular casing 1620. ^ 
The annular body of compressible material 1645 may comprise any number of 

20 commercially available compressible materials such as, for example* epoxy, n - 
rubber, Teflon, plastics or lead tubes. In a preferred embodiment, the annular 
body of compressible material 1645 comprises StrataLpck epw^ry available from 
Halliburton Energy ^ervicea , ii^ order to optimatly provide an hydraulic seal in 
the overlapped joint while also having compliance ; to thereby minimize the 

25 radial force required to expand the tubular casing. The wall thickness off the . 
annular body of compressible material 1645 may rangefrom about 0.05 to 0.75 
inches. In a preferred embodiment, the wall thickness of the annular body of : 
compressible material 1645 ranges from; about 0.1, to 0.5 inches in order to 
optimally provide a large compressible zone, minimize the radial forces required 

30 to expand the tubular casing, provide thickness for casing strings to provide 
contact with the inner surface of the wellbore upon radial expansion, and 
provide an hydraulic seal. 
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As illustrated in Fig. 14b, in order to extend the wellbore 1600 the * 
subterranean formation 1605, a/uiU. string is used in a well known manner to " 
drill out material from the 1 subterranean formation 1605 to forin a new wellbore 
section 1650. The diameter of the new section 1650 is preferably equal to or : 
5 greater than the inner diameter of the tubular sec^bn of casing 16^0. 

As illustrated in Fig. 14c, a preferred embodiment of an apparatus 1700 
for forming a mono-diameter wellbore casing m a subterranean formation is 
then positioned in the new section 1650 of the wellbore 1600. The apparatus 
1700 preferably includes a support member 1705, an expandable mandrel or pig 
10 1710, atubular member 1715, a shoe 1720, slips 1725, a fluid passage 1730, one 
or more" fluid passages 1735, a fluid passage 1740, a first compressible annular J 
body 1745, a second compressible annularnody i750, and a pressure chamber 
1755. -i-.-.tii r • A--'i.h- nr.* ;•• i. tx :>t '■> .... .. .n 

The support' membev 1705 suppoi^ the appaf atiis 1700 within the * 
15 wellbore 1600; The support member 1705 is coupled to line mandrel 1710, the a 
tubular member 1715, the shoe 1720, and the slips 1725. The support member 
1075 preferably comprises a subsLintiaUy hoUow tubular member. The fluid ' ' 
passage 1730 is positioned within the support member 1708. The fluid passages 
1735 fluidicly couple the fluid passage 1730 with the pressure chamber 1755. 

20 The fluid passage 1740 fluidicly couples'the fluM passage 1730' with the region ' 
outside of the apparatus 1700. ' ' ^ , ' . i . , ( tJ . . 1 

The support member 1TO5 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
country tubular goods, stainless steel^ low M6ylstee^ i carbon st^el, 18 chromium 

25 steel, fibei?glass, ; or other nigh strength materials. Ink preferred embodiment, 
the support meniber 1705 is fabricated from oilfield country tubular goods 
available from various foreign and domestic steel mills m order to optimally 
provide operational strength and facfliate the use of other standard oil *" 
exploration handling equipment. In a preferred embodim nt, al least a portion 

30 of the support member 1W5 comprises coiled tubing or a drill pipe. In a 
particularly preferred 'embodiment the support member 1705 includes a load 
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shoulder ,1820 fqr supporting the mandrel 1710 when the pressure chamber 
1755, is unpressurized- .= ... 

t . The mandrel 1710 ig supported b^^ancj slidingly coupled <to the support 
member 1705 and the shoe 1720. The mandrel 1710 preferably .includes an 
5 upper portion ,1760 an,d a lpwer portion 176£. Preferably, ,the upper portion 
1760 of the mandrel 1710 aiid the ? £ugport member 1705 together define the 
pressure chamber 1755. Prefejajtjly, the lower portion 1765 ; of the mandrel 
1710 includes an expansion member 1770 for radially expanding the tubular v v iJ 
member 1715. -. T ri^j'W * 

10 In a preferred embodiment, the upper portion 1760 of the mandreL171 v 0 

includes a tubular member 1775 having an inner diameter greater than an w\ zo 
outer diameter of the support member 17Q5. * In this manner, an annular 
pressure chamber 1755 is defined by and positioned between the tubular : v 
member 1775 and the supj^rt meijiber 170J5. /Eh^ top J780^ of the tabular 

15 member 1775 preferably includes a bearing end a seal for sealing and 

supporting the top 1780 of the tubular member ,1775 against the outer surface , 
of the support member 1705. The t?pttom 178£i of the tubular member 1775 
preferably includes a bearing and s^al for, sealing $nd supporting the bottom o 
1 785 of the tubylar member X775 against tj^e outer surface of the support , 

20 member 1705 or shtpe 172$. In this manner^ the mandrel 1710 mo ves in am 
axial direction upon the pressurization of the pressure chamber 1755; 

The .lpwer portion 1,765 pf tJ^e mandrel 1710 preferably includes an 
expansion meinber J77Q far radially expanding the tubular member 1715; 
during the press^^ 

25 embodiment, the expansiop memb er is ejqjanj^able in the radial direction. In a 
preferred embodiment, t^e innter surfape of t&e loyrer portion 1765 of the 
mandrel 1710 mates with and slides \yith respect to the outer surface, df the 
shoe 1720. The outer diameter of the expansion member 1770 may range from 
about 90 to 100 % of th inner diameter of the, tubular casing-1620^ f In a 

30 preferred embodiment, th oute^ diameter^of the expansion member 1770 

ranges from about .95 to 99,% of the inner .diameter of the tubular casing 1620; * 
The expansion member 1770 may be fabricated from any number of 
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conventional commercially available materials such as, for example, machine ' 
tool steel, ceramics, tungsten carbide;' tit^ium or other high strength alloys. In 
a preferred embodiment, the expansion member 1770 is fabricated from D2 
machine tool steel in order to optimally provide high strength and abrasion * 
5 resistance. 1 i. . - ; a/ < 4 $ . i : 

, jT]^e;tubular member 1715 is coupled to and supported by the support ■ 
member 1705 and slips 1 725^ The tubular member 1715 includes an upper 
portion 1790 and a lower portion 1795. > 

, The upper portion 1790 of the tubular member 1715 preferably includes 
10 an inner annular recess 1800. that extends from the upper portion 1790 of the 
tubular member 1715. In this manner; at least a portion of the upper portion 
1790 of the tubular member 1715 includes a thin walled section 1805. The first 
compressibleianaiilOT imember .1745 is preferably .coupled to and supported by 
the outer surface of the upper portion 1790, of fo^ 
15 opposing relation, to the thin wall section 1805; ] \: r . . ■ , ii? i 

The lower portion :1795 of the tubular member 1715 prefer ably* includes' * 
an outer annular<recess 1810 that extends from the lower portion 1790 of the ■ t 
tubular member 171g,v In. this manner^ at least a portion of the lower portion 
1795 of the tubular member 1715 includes a thin walled section 1815. The 
20 second compressible annular member: 1750 is coupled to and at least partially 
supported within the outer annular recess 1810 ^f^the upper portion 1790 of the 
tubular member 1715 in opposing relation to the thin wall section 1815. 

The tubular mei^ - 
conventional commercially available; materials suck as; for example, oilfield 
25 country tubular goods, stainless steel, low alloy steel- carbon steel, automotive 
grade steel, fiberglass, 13 chrome steel, other high strength material, of high 
strength plastics. In a preferred embodiment, the tubular member 1715 is 
fabricated from oilfield county tabular goods available from various foreign 
and domestic steel mills in order to optim^y provide operational strengths 
30 The shoe; 1720 is supported by and coupled to the supfwrt member 1705. 

The sho 1720 preferably comprises a substantially hollow tubular member. In 
a preferred embodiment, ,the wall thickness of the shoe 1720 is greater than the 
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wall thickness of the support member. 1705 inoirder to optimally provide 
increased radial support to the mandrel :1 710. »The shoe 1720 may be fabricated 
from any number of conventional commercially available materials such as, for 
example, oilfteld ppujntry tubular goods, stainless steel, automotive grade steel, 
5 low alloy steel, carbon steel, or high strength plastics. In a preferred 

embodiment, the shoe 1720 is fabricated from oilfield country tubular goods 
available from various foreign and domestic steel mills in- order to optimally 
provide matching operational strength throughout the apparatus. & 
The slips 1725 are coupled to and supported by the support member 

10 1705. The slips 1725 removably support the tubular member 1715; In this 
manner, during the radial expansion of the tubular member 1715, the slips - 
1725 help to maintain the tubular member 1715 in a substantially stationary ; 
position by preventing upwasrd movement of *Ke tubidarntneniber 1715; - ^w^ 1 -- 
The slips >1725 may comprise any number pf xqoaveritional tonimercially 

15 available slips such as, for example, RTTS packer tungsten carbide mechanical 
slips, RTTS packer wicker type mechanical slips, or Model 3L retrievable bridge 
plug tungsten carbide uppefr* mechanical slips. In a preferred embodiment, the 
slips 1725 comprise RTTS packer tungsten carbide mechanical slips available ' 
from Halliburton Energy Services/ In arpirefeired embodiment the slips 1725"? 

20 are adapted to support axial forces^rinfeing from -about 0 ±o 750,000 H>£ 

The.fluid passage 1730 conveys fluidicniaterials from a surface location 
into the interior of the support rriember 1705, the pressure chamber 1755, and 
the region exterior q»f the apparatus 1700: The fluid passage 1730 is fludicly 
coupled to the pressure chamber 1755 Jby the' fluid passages 1735. The fluid 

25 passage 1730 is fluidicJy coupled to the region* exterior to the apparatus 1700 by 
the fluid passage ( 174(L rr- •; J ; - : i : s : - r^-'.v; 

In a prefe^ed endbodiment, the fluid passage 1780 is adapted to convey 
fluidic materials such as, for example, cement; 6poxy, drilling muds, slag mix, 
wate^or drilling gasses. In a preferred embodiment, the fluid passage 1730 is 

30 adapted to convey fluidic materials at flow rate and pressures ranging from 

about 0 to 3,000 gallons/minute and 0 to 9,000 psi. in order to optimally provide 
flow rates and operational pressures for the radial expansion processes. ** ' " * 
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The fluid passages 1735 convey fluidic material from the fluid passage 
1730 to the pressure chamber 1755.. In a preferred embodiment, the fluid 
passage 1735 is adapted to convey fluidic materials such as, for example, 
cement, epoxy, drilling muds, water or drilling gasses. In a preferred 
5 embodiment, the fluid passage 1735 is adapted^ convey fluidic naaterials at 
flow rate and pressures ranging from about 0 to 500 gaUons/minute and 0 to 
9,000 psi: in order to optimally provide operating pressures and flow rates for 
the various expansion processes. 

The fluid passage 1740 conveys fluidic materials from the fluid passage 
10 1730 to the region exterior to the apparatus 1700. In a preferred embodiment, 
the fluid passage .1740 is adapted to convey fluidic materials such as, for 
example, cement, epoxy, drilling muds, water or drilling gasses. In a preferred 

emD«]^^^'t^e;3uid passage 1740 is adapted to convey fluidic materials at 

■ - b.vi -til v/Vi;& ?\-i(&..ytn:x , ry\ htm-»: » i.lz jiutostziwrfu-: .„•.. \t m • ■ . . *. ■■. 
flow rate and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 

15 9,000 psi. in order to optimally provide operating pressures and flow rates for 
the various radial expansion processes. 

In a preferred embodunent, the fluid passage 1740 is adapted to receive a ; 

plug or oth« siri&ar device for sealmg the fluid passage 174o7 In this manner 

! ' * ■•>, .... >• a .■>>-■- 'if; >* ' , •<■ t 

tne pressure chamber 1755 may be pressurized. 



20 



The first compressible annular body 1745 is coupled to and supported by 



an exterior surface of the upper portion 1790 of the tubular member 1715, In a 
prtferred embodiment, the first compressible annular body 1745 is positioned 



25 



in opposing relation to the thm waUed section 1805 of the tubular member 
1715. ; L ' " 2 ' • w ~ """^ 



The first compressible annular body 1745 helps to imnimize the radial 
force required to expand the tabular m^^ 
tubular casing 1620, helps to create a fluidic seal in the 'overlap with the tubular 
casing 1620, and helps to create an interference fit sufficient to. permit the 
tubular member 1715 to be supported by the tubular casu^g^ie^Q. The first 
30 compressible annular body 1745 may comprise any number of cpinmerdiaJly ( - 
available compressible materials such as, for example, epoxy, rubber, Teflon, 
plastics, or hollow lead tubes. In a preferred embodim nt, the first 
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compressible annular body 1745 comprises StrataLock epoxy available from 
Halliburton Energy Services in order to optimally provide an hydraulic seal, 
and compressibility to minimize the radial expansion force. 

The wall thickness of the first compressible annular body 1-745 may 
5 range from abouVO.05 to 0.75 inches. In a preferred embodiment, the wall 
thickness of tie first compressible annular body 1745 ranges from about 0.1 to 
r0.5 inches in ordter to optimally (1) provide a large compressible zone, (2) 
minimize the required radial expansion force, (3) transfer the radial force to the 
tubular casings. As a result, in a preferred embodiment, overall thetmter 
10 diameter of the tubular member 1715 is approximately equal to the overall rt . 
inner diameter of the tubular member 1620. 

The second compressible annular body 1750 is coupled to and at least 
... partially supported within the outer annular recess 1810 of the tubular member 
c ^1715. In a preferred embodiment, the second compressible annular body 1750 
15 -is 'positioned in opposing relation to the thin walled section 1815 of the tubular 
meifiber 171S. 

The second compressible annular body 1 750 helps to minimize the radial 
force required to expand the tubular member 1715 in the overlap with another; 
tubular member, helps to create a fluidic seal in the overlap of the tubular 

20 member 1715 with another tubular member, and helps to create an interference 

• . -i . .. , ; -;qjLr.r i!^V " ...f.K.-.' 'i ' r i£ -'>^t ' x 

fit sufficient to permit another tubular member to be supported by the tubular 

; •: 1 r.y.V. . r • . ^. v*^r. 
member 1715. The second compressible annular body 1750 may comprise any 

number of commercially available compressible materials such as, for example, 

epoxy, rubber, Teflon, plastics or hollow lead tubing. In a preferred 

25 embodiment, the first compressible annular body 1750 comprises StrataLock 
epoxy available from Halliburton Energy Services in order to optimally provide , 
an hydraulic seal in the overlapped joint, and compressibility that minirnizes 
the radial expansion forced " *' '. r if 

^ The wall thickness of the second compressible annular body 1750 may 

30 range from about 0.05 to 0?75 inches. In a preferred embodiment, the wall 
thickness of the second compressible annular body 1750 ranges from about 0.1 
to 0.5 inches in order to optimally provide a large compressible zone, and 
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minimize the radial force required tq expand, the tubular^ember 1715 during 
subsequent radial expansion operations 

In an alternative embodiment, the outside diameter of the second H 
compressible, annular body 1.750 is adapted to provide a seal against the 
5 surrounding formation thereby eh^nmating the need for an outer^nutar body 
of cement. , „. , 



air 



The pressure chamber 1755 is fludiely coupled to the fluid passage 1730 
by y 1 . e i fluid P* 883 ? 63 1735- The pressure chamber 1755 is preferably adapted to 
receive fluidic materials such as, for example, drilling muds, water or drilling 
10 gases. In a preferred embodiment, the pressure chamber 1755 is adapted to 
receive fluidic materials at flow rate and pressures ranging from about 0 to 500 
^ ons /?5j nute 0 to 9,000 psi. in order to optimally provide expansion ' 
pressurj^Jn^a, preferred embodiment du^ 

■.>5fe* m fe%4^» ^* PPf'Sj^F^TO pressure chamber ranges from * & 
15 J*?** 9 t» . 5 »009 psi in order to optimally provide expansion pressure whUe • 
*■ iTOi^Wf ^e^ssfl^flity of a catastrophic failure due. to over pressurizationit : 
^ must r? ted in Kg. 14d, the apparatjus 1700 is preferably positioned in 
• w eU>°re w* 11 the tabular member 1715 positioned in an overlapping i 
r ^ ati °i^P.w1^ In a particularly preferred, iF^ 

20 en^odiment, the thin wall sections, 1640 and 1805, of the tubular casing 1625 
and tubular member 1725 aje positioned in opposing overlapping relation; a tn' ■* 
this manlier, the radial expansion of^t^ula^mea^ 1725 will compiress 
the thin wall sections, 1640 and 1805, and annular compressible members, 1645 
and 1745, into intimate contact. 
25 After positioning of the apparatus ,1700, a fluidic material 1825 is then . 

pumped into the fluid passage 173p. The fluidic material 1825 may comprise 
any number of conventional commercially available materials such as for 
example, water, drilling mud, drilling gases, cement or epoxy. In a preferred 
embodiment, the fluidic material 1825 comprises a hardenable fluidic sealing . 
30 material such as, for example, cem nt in order to provide an outer annular body 
around the expanded tubular member 1715.. 
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The fluidic material 1825 may be pumped into the fluid passage 1730 at 
operating pressures and flow rates, for Sample, ranging from about 0 to 9,000 
psi and 0 to 3,X)00 gaflons/niinute. J 

The fluidic material 1825 pumped into the fluid passage i 730" passes 
5 throifgh the fluid passage 1740 aiid Outside ot the apparatus 1700. The fluidic 
material 1825 fills the annular region 1830 between the outside of the 
apparatus 1700 and the ih terior walls of the wellbore 1600. 

1 As illustrated in 14fe, a plug 1835 is then introduced into the fluid 
passage 1730. The plug 1835^odges in the inlet to the fluid passage 1740 V 1 
10 fluidicly isolating and blocking off" the fluid passage 1730. 

A fluidic material 1840 is then pumped into the fluid passage 1730. The 
fluidic material 1840 may comprise any number' of conventional commercialiy 
available materials such as, for example, water/ dnliing mud or ^drilling gas 
In a preferred embodiment matferi^ ^ S 

15 hsurden^Ie fltn^ 

in order W-bptdmailly provide pr^surizatibn of tie pressure' chamber 1755; : 
The fluidic material 1840 nday be pumped into the fluid passage 1730 fat 
j operating pressures and flow rates ranging, Tor example, from abbutb to 9^000 
psi and 0 to 500 gallons/minute, tn a preferred embodiment fluidic 
20 material 1 1840 is puiripfe'd into the fhiid passage 1730 at operating pressures and 
flow rates ranging frdm about 500 to 5,00() ^1 and 6 to 500 galloiis/minute in 
order to optimally provide opetatihjj jpressures aindf flow rates for radial 
expansion. * * 

The fluidic material 1840 pumped into the fluid passage 1730 passes 
25 through the fluid passages 1735 and m 

Continued pumping of the fluidic material 1840 pressurizes the pressure 
chamber 1755. The pressurization of the pressure chamber 1755 causes the 
mandrel 1710 to move relativeto the support member 1705 in the direction 
indicated by the arr "tors 1845. In this manner, the mandrel 1710 will cause the 
30 tubular member 1715 tb expand in the radial direction^ 

During the radial expansion process,' the tubular "member 1.715 is 
prevented from moving in an upward direction by the slips 1725. A length of 
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the tubular member 1715 is then expanded in the radial direction through the 
pressurization of the pressure chamber 1755. The length of the tubular 
member 1715 that is expanded during the expansion process will h>e 
proportional to the stroke length of the mandrel 1710, Upon the completion of 
5 a stroke, the operating pressure of the pressure chamber 1755 is then reduced 
and the mandrel 1710 drops to it rest position with the tubular member 1715 
supported by the mandrel 1715. The position of the support member 1705 may 
be adjusted throughout the radial expansion process in order to maintain the 
overlapping relationship between foe thin walled sections, 1640 and 1805, of 
10 the tubular casing 1620 and tubular member 1715, The stroking of the 

mandrel 1710 is then repeated, as necessary, until the thin walled section 1805 
of the tubular member 1715 is expanded into the thin walled section ,1640 of the 
tubular casing 1620. 

In a preferred embodiment, during the final stroke of the mandrel 1710 

15 the slips 1725 are positioned as close as possible to the thin walled section 1805 

•'t AAA/. •*. ;> y ■ ■ -^tjrj^^: Ik . -; r - ! v > . *i ' 4 ? . i i.v* /, c 

of the tubular member 1715 in order minimize slippage between the tubular 
member 1715 and tubular casing 1620 nt the end of the radial expansion 
process. Alternatively, or in addition, the outside diameter of the first 
compressive annular member 1745 is selected to ensure sufficient interference 
20 fit with the tubular casing 1620 to prevent axial displacement of the tubular 
member 1715 during the final stroke: ; Alternatively, or in addition, the outside 
diameter of the second compressive annular body 1750 is large enough to 

■■ : "4--":.. ■ ' • A LA A. ' ■"■ 'V' ; :. ^ nb.' ~z >^-,'' U ' I 

provide an interference fit with the inside walls of the wellbore 1600 at an 
earlier point in the radial expansion process so as to prevent further axial 

25 displacement of the tubular member 1715. In this final alternative, the 
interference fit is preferably selected to permit expansion of the tubular 
member 1715 by pulling the mandrel 1710 out of the wellbore 1600, without 
having to pressurize the pressure chamber 1755. 

During the radial expansion process, the pressurized areas of the 

30 apparatus 1700 are limited to the fluid passages 1730 within the support 
member 1705 and the pressure chamber 1755 within the mandrel 1710. No 
fluid pressure acts directly on the tubular member 1715. This permits the use 
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of operating pressures higher than the tubular member 1715 could normally 
withstand. 

Once the tubular member 1715 has been completely expanded off of the 
mandrel 17io, tfcte support member 1705 and mandrel 1710 are removed from 
5 the wellbore 1600. In a preferred embodiment, the contact pressure between 
the deformed thin wall sections, 1640 and 1805, and compressible annular 
members, 1645 and 1745, ranges from about 400 to 10,000 psi m order to 

\ :^ o ; ^ : > - ■ - " 

optimally support the tubular member . 1715 using the tubular casing 1620. 
In this manner, the: tubular member 1715 is radially expanded into 

10 contact with the tubular casing 1620 by pressurizing the interior of the fluid 
passage 1730 and the pressure chamber 1755. 

As illustrated in Fig. 14f, in a preferred embodiment, once the tubular 
member 1715 is .completely expanded in the radial direction by the mandrel 
1710, tiie. support member 1 705r and mandrel 1710 are removed from the^ ; a 

15 wellbore 1600. dnta preferred embodiment, the annular body of hardenable: * , ,* 4 
fluidic material is then allowed to cure to form a rigid outer annular body 1850. 
In the case where the tubular member 1715 is slotted, the hardenable fluidic . 
material will preferably permeate and envelop the expanded tubular member 
1715. ' ' " ..' " ''" ' . " f: " " ' 11 

20 The resulting new section iof wellbore casing 1855 includes the expanded 

tubular member 1715 and; the rigid outer annular body 1850. The overlapping 
joint 1860 between the tubular casing 1620 and the expanded tubular member 
1715 includes the deformed thin wall sections, 1640 and 1805, and the 
compressible annular bodies, 1645 and 1745* The inner diameter of the 

25 resulting combined wellbore casings is substantially constant. In this manner, 
a mono-diameter wellbore casing is formed. This process of expanding 
overlapping tubular members having thin wall end portions with compressible 
annular bodies into contact can be repeated for the entire length of a wellbore. 
In this manner, a mono-diameter wellbore casing can be provided for thousands 

30 of feet in a subterranean formation. 

Referring now to Figures 15, 15a and 15b, an embodiment fan 
apparatus' 1900 for expanding a tubular member will be described. The 
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apparatus 1900 preferably includes adrillpipe 1905, an innerstring adapter ' 
1910, a ^ealing,sleeve l?15, an inner sealing mandrel 1920, an .upper sealing 
head 1925, a lower sealing head 1930, an outer sealing mandrel 1935, a load 
mandrel 1940,, an expansion cone 1945, a mandrel launcher .1950, a mechanical 
5 slip body 1955, mechanical slips 1960, drag blocks 1965, casing 1970, and fluid 
passages 1975, 1980, 1985, and 1990. 

The drillpipe 1905 is coupled to the innerstring adapter 1910. During 
operation of. the apparatus 19Q0, the drillpipe 1905 supports the apparatus 
1900. The drillpipe 1905 preferably comprises a substantially hollow tubular * 
10 member or members. The drillpipe 1905 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield : 
TO ^?^^^|l«..<WRii^ fiberglass or coiled tubing., , In a preferred * S y: A 'z : '^ 
enu)odiment, ti^drUlpi^e 19Q5 is fabricated from coiled tubing in order to*^S. i 
fac^ate^e placement, of the apparatus 19QP in non-vertical ^weUbore^The^^ ^ 
i 15 drillpipe, 1905 may be coupled to the mnerstring adapter IQlOrusihg^any 1-« 
number of conventional commercially available mechanical couplings such as, 
for example, drillpipe connectors, OCTG specialty type box and pin connectors^ * ; 
a ratcheHa^ type^nnector or a standard box by pin connector.' In ;a ; l > 
preferred embodiment, the drillpipe 1905 is removably coupled to the * s 

20 mnerstring adapter 1910 by a drillpipe connection. ,y-P 
The.drillpipe 1905, preferably includes a fluid passage 1975 that is 
adapted to convey fluidic materials from a surface location into the fluid 
passage 1980. In a preferred embodiment, the fluidipassage 1975 is adapted to 
convey fluidic materials such as, for example, cement, drilling rnud, epoxy or 
25 lubricants at operating pressures and flow rates ranging from about 0 to 9,000 
psi and 0 to 3,000 gallons/minute. •. - , . 

The innerstring adapter 1910 is coupled to the drill string 1905 and the 
sealing sleeve 1915. The mnerstring adapter 1910 preferably comprises a 
substantially holl w tubular, member, or. members. . The innerstring adapter 
30 1910 naay be fabricated from any f ^ numbertof conventional commerciaUy 

available materials such as, for example, oil country tubular goods, low alloy > 
steel, carbon steel, stainless steel or other high strength materials. In a 
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preferred embodiment, the iHnerstring 'adapter 1910 is fabricated from oilfield 
coim try tubular goods in order to optimally provide mechanical properties that 
closely match those of the * drill string 1905. 

The innerttring adapter 1910 may be coupled to the drill string 190& 
5 using any number of conventional commercially available 1 mechanical couplings 
such as, for example, drillpipe connectors, oilfield country tubular goods ' v ; 
specialty Qrpe threaded connectors, ratchet-latch iypektab in connector^ or a 
standard threaded connection/ In a prefen-ed eriibodimen v 
adapter 1910 is removably coupled to the drill pipe 1905' by a drillpip^ 
10 connection. The innerstring adapter 1910 f may be coupled t6 the sealing sleeve 
1915 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection:, oilfield country tubular 
goods specialty type threaded connector, ratchet-latch stab m coM^tors^ 
^ or a standard threaded connection. { fitf a pr&eiff^eiift^ 
15 adapter 1910 is removably coupled to the sealing sleeve 1 I9l5*by : " ; a standard V 
threaded connection. ^ : l ^ ^ ^ r^. ■ • r> 

The innerstring adapter 1910 preferably inidudes a fluid passage 1980 ' 
' - * that is adapted to convey fluidic materials from the fluid passage 1^75 into the 

fluid passage 1985, In a preferred embodiment, tli£ fluid passage 198t) is 
20 adapted to convey fluidic materials such as, fbr example, cemeii^ drilling miidi 
' epoxy, or lubricants at operating^ pressures and flow ^ tMt^ ranging from about 0 
to 9,000 psiaEndO to 3,000 gallon^nmute: ^ • : ^ r 

f The sealing sleeve 1915 is cbupied tb th6 innmtring' adapter 19 io arid 
the inner sealing mandrel 1920: Th«f sealing sfleeve 1913 ^ preferably cttinpiises a 
25 substantiafly hcdlow tabular, m ■ 
be fabricated from any number of conventional cbmmerciaUy available f 
materials such as, for example, oilfield cfoiiritry tubiilat goods, carbon steel, low 
alloy steel, stainless steel or other high strength materials; In a preferred 
embodiment, the sealing sleeve 1915 is fabricated from oilfield courittjr tubular 
30 goods in order to optimally provide mechanical properties that substantially ' 
match the remaining components' of the apparatus 1900. ' 
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The sealing sleeve X&15 may be coupled to the mnerstring adapter 1910 
using any number of, conventional commercially available mechanical couplings 
such as> for example, dryUpipe. connection, oilfield country tubular goods _ 
specialty type threaded connection, ratchet-latch»type stab in connection, or a 
5 standard threaded connection. In a preferred embodiment, the sealing.sleeve 
1915 is removably coupled to , the mnerstring adapter 1910 by a standard • •• • 
threaded connection. The sealing sleeve 1915 may be coupled to the inner 
seaIin e mandrel 1920 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
10 tubular goods specialty type threaded connection, or a standard threaded 
connection. In a preferred embodiment, the sealing sleeve 1915 is removably 
coupled to the inner sealing, mandrel 1920 by a standard threaded connection, 
^ e seaL^gsleey^ 

a ^ i fefPSffil^!!i!»^^ thefluid passage 1980 into thefluid * 
15 passage 1990, fea preferred ^embodiment, the fluid passage 1985 fa adapteti to"^ 
convey fluidic materials such as, for example; cement, drilling mud, epbxy or 
lubricants at.operating pressures- and flow rates ranging from about 0 to 9,000 
psi and 0 to 3,000 gaUons/nnnute. , .> .,>■ 

The inner seaiing;mandrel:1920 is coupled to the sealing sleeve 1915 and 

20 the lower sealing head ,1930. ;The inner sealing mandrel 1920 preferably 
comprises a substantiaUy hoUqw; tubular member or members. The inner 
sealing mandrel 1920,may be fabricated from any number of convention 
*»TOeraalIy ( available materials such as.sfor example, oiffieltfebuntry tubular 
goods, stainless steel, low alloy.: steel, carbon steel or other similar high strength 

25 materials. In a. preferred embodiment, the umer seato 

fabricated from stainless steelin order to optimally provide mechanical 
properties similar to the other components of the apparatus 1900 while also 
providing a smooth outer surface to support seals and other moving parts that 5 
can operate with minimal wear, corrosion and pitting; 

30 The inner sealing mandrel 1920 may be coupled to the sealing sleeve 

1915 using any number, of conventional commercially available mechanical 
couplings suckas, for example, driUpipe.cohhection, oilfield country tubular- 
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goods specialty type .threaded, connection, or a standard threaded connection . 
In a preferred embodiment, the inner sealing mandrel 1920 is removably 
coupled to the sealing sleeve 1915 by a standard threaded connections. The 
inner sealing mandrel 1920 may be 'coupled to the lower kealicfg head 1930 . 2 
5 using any number of conventional' commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield country tubular goods 
specialty; type threaded connection, ratchet-latch type stab in connectors or 
standard threaded connections. In a preferred embodiment,' the inner seali&g 
mandrel 1920 is.removably coupled to the lower sealing head' 19304^ a 

10 standard threaded connections connection. I i . > 

The inner sealing mandrel 1920 preferably includes a fluid passage 1990 
that is adapted to convey fluidic materials from the fluid passage 1985 into the - 
fluid passage 1995, In a preferred embodiment, ^thtf-flidd^^fi|^'1990ia- 
adapted to convey fluidic material&such as, for^ample, fetiien^ 

15 epoxy or lubricants at (Operating pressures and flow Mte^ raging frdm' abbtit 0 
to 9,000 psi and 0 to 3,000 gaHons/miijute. > 

; ) _. t The upper sealing head 1925 is coupled to the outer sealing mandrel v : * -\ 
1935 and the expansion cone 1945* The upper Sealing head 1925 is also 
movably coupled to the outer surface of the inner sealing maiidrei 1920 and the- ' 

20 inner siirfaeejof the da$ing^!970,! In tiiis maimer, the Upper s^alin^ head 1925, 
outer sealing mandrel ^1935, and the expansion' cone 1945 reciprocate in the * 
axial direction. ^The'radial clearance between the inner cylindrical surface of 
the upper sealing; head 1925 and the outer surface of the inner sealing matidrel ■ 
1920 may range, for example, from about 0.025 to 0.05 inches. In a preferred 

25 embodiment, the radial clearance between the inner cylindrical surface of the 
upper sealing head 1925 and the outer>surface of the inn^ris^alihg mandrel 
1920 ranges from about 6.005 to 0\Q1 inches in order to optimally provide 
clearance for pressure seal placement. The radial clearance between the? outer 
cylindrical surface of the upper sealing head 1925 and the inner surface of the ' 

30 casing 1970 may j?ange, for example, from 'about 0,025 trf0;375 inches. In a 
preferr^rembodimtent, the radial clearance between the outer cylindrical ' v 
surface of the upper sealing head 1925 and the inner surface of the casing 1970 
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ranges from about 0.025 to 0,125 inches in order to optimally provide ' 
stabilization for the expansion cone ,1945 as the expansion cdiie 1945 is 
upwardly , moved inside the casing 1970. ' : . ; ■ 

The uppersealirig head 1925 preferably comprises an annular member 
5 having substantially cylindrical inner and filter surfaces. The upper sealing 
head 1925 may be;fabricated from any'nuniber of conventional commercially 
available materials ; such as, for example, dilfield country tubular goods, ! 
stainless steel, machine tool steel, or similar Ugh 'strength materials. In a 
preferred embodiment, the upper sealing head 1925 is fabricated from stainless 
10 steel in order to optimally provide high strength and smooth outer surfaces that 
a*" 6 resistant to wear, galling, corrosion and pitting. •■<>•■ 

The inner surface of the upper, sealing head 1925 preferably includes one 
or : more aimular : sealmg ; r^embers 20(K) for sealing the interface between the 
upper sealing head>1925 and tiie iimer sealing mandrel 1920i The sealing®' [ i5 
15 members 20QO may comprise any ^numbelrof conventional commercially ' " ! 
available annular sealing members such is, for example, 6-rings, polypak seals 
or metal spring energized seals. In a preferred embbdime'nt, the sealing 
members; 2000 comprise polypak seals available froin barker Seals in order to 
optimaUy provide seeding fdt . • r 

20 Ina Prefer^ embodiment,^ v : 

shoulder 2005 for supportang^the upper sealing head 1925 on'fche lower sealing 
head 1930. ,. .• -.- , r . *^>:h/v-^ . jv ■ % . i ' . 

The upper sealing. head 1925 may be coupled to the outer sealing 
mandrel 1935 using any number of conventional commercially available 
25 niechamcal cpupl^^ 

tubular goods specially type threaded connection, or a standard threaded 
connections. In a preferred eiribodimerit; the upper dealing head 1925 is 
removably coupled to the outer sealing mandrel 1935 by a standard threaded 
connections. In a preferred embodiment, 4-he mechamcal coupling between the 
30 upper sealing head 1925 and jthe outer seah^g mandrel 1935 ihcludes on or 
moresealingmember3 : 2010,for fluimcly-sealmg the m 
upper sealing head 1925 and the outer sealing mandrel* 1935: The sealing 
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members 2010 may- comprise any number of conventional commercially 
available sealing numbers such as ? ;for : example, o-rings* polypak seals or metal • 
spring energized seals. In a preferred embodiment, the*' sealing members 2010 ; 
comprise polypak seals, available from Parker Seals in order- to optimally 
5 provide sealing for a long axial stroking motion. v n; 

. TJ'he lower sealing head 1930 is coupled to the inner sealing maftdrel 1920 
and the loa^^paandrel lQ^. The lower sealing head 1930 is also movably 
coupled to the inner surface of .the outer sealing mandrel 1935. In £his manner, 
the upper sealing: head 1925 and oujber sealing mandreL1935 reciprcn^ate in ihd 

10 axial direction. The radial clearance between the outer surface of the lower 
sealing head 1930 and the inner surface of the outer sealing mandrel 1935 may" 
: range^for example, from about :Q.025 to 0<05 inchest In a preferred - v ■ ■ 
embodiment, the radial clearance betweeii the outer surface bf^theTow&^ieali&g 
head 1930 and the inner surf ace^of the outer sealing mandrel 1935 :4^j§&"f?6m K " 

15 about 0.005 to .0.010 injches in ; order to optimally provide a close tolerance a f ' 
having room for the installation of pressure iseal rings ; ~ ^ > * ? r - 

The lower sealing head 1930 preferably comprises an annular member' " 
having substantially cylin<priGal innpr and outer surfedeff. The ^low^rlseaLii^ ' 
head 1930 may be fabricated from airy, number of conventional commercially 

20 avaQable materials such as, for example, oM 

stainless steel, machine tool stsfd or Qther similar 'high stf&igth materials. w lh a 
preferred embodiment, the lower sealing head 1930 is fabricated from stainless 
steel in order to optimaUy provide g ettin g 
corrosion:; and pitting. : , : : ..- : a..> a-'^A ,^>-V. - *•■.*:■-•* . v " • v ' 

25 The outer surface, of tbe lower sealing head 1930 preferably includes one 

or more annular* sealing p£mb§ra ; 2015 for sealing the interface between the 
lower sealing head 1930 and the outer sealing mandrel 1935. -The* sealing - -* 
members 2015 $may comprise pixy; number ;of * conventional commercially ! ■ ■ 
available annular, sealing jnembers such as, for example, o^xings; polypak seals, 

30 or metal spring eaergized seals v In a pref rred embodiment, th6 sealing : * ! 
members 2015 comprise polypak sestls available from Parked Seals in order to 
optimally provide sealing for a long axial r stroke. ^ : '--' v; °' ■ 
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The lower sealing head, 1930 may be coupled to the inner sealing mandrel 
1920 using any number of conventional commercially available mechanical 
couplings such as, for- example, drillpipe .connection,* oilfield eOuntry tubular ' 
goods specialty type threaded connection,, weidmg, alnoirhbus bonding or & 
5 standard .threaded connectiqn. Jna preferred embodiment, the lower sealing 
head 1930 is removably coupled to the. inner-sealing mandrel 1920 by a ^ 
standard threaded connection. ,. , • •.- .. ., T 

In a. preferred embodiment, the mechanical coupling between the lower 
sealing head 1930 and the inner sealing mandrel 1920 includes one or more .-- 
10 sealing members 2020 for fluidicly sealing the interface between the lower 
sealing head l?3p ; and th?. inner sealing mandrel 1920. The sealing members 
2020 may comprise any, number of conventional commercially available sealing 
meinberssuchas.fo^ or metal spring energized 

seals. ? In a P^ferj^ em£q^ 

15 seals avaUable from Parker Seals in order.to optimally provide dealing for along 
axial motion. , . . . . . ?. ■ - ■ . . ^ ■'■ , . ^ ~ , v ■ ; t s« 

The lower se^g.headl930^may be coupledto the load mandrel 1940 l: 
using any number of co^entional cqn^^ciaUy available mechanical couplings ' 
such as, for example,- drillpipe connection, oflfSeld country tubular goods 

20 specially type tnreaded c^nnecti^ bbttding or a standard 

threaded connection. In, a preferred 0nmodimeht, the Wer sealing liead 1930 
is removably coupled, ^.^loa^iw^aig^^ a standard threaded 
connection. Inapi^erred ^ m 
lower sealing head 1930 and the load mandrel 1940 deludes one or more : ' 

25 sealmg members 202^ 

sealinghead 1930 and the load n^ 

comprise any number of conventional, commercially avattable sealing' members 
such as, for example, o-rings, polypak seals, or metal spring energized seals: In 
a preferred embodiment, the sealmg menmets 2025 comprise pd^ 
30 available from Parker Seals in order to optimally prbvide sealing for a long axial 
stroke. . " 
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, In a preferred embodiments the lower sealing head 1930 includes a throat 
passage 2040 fluidicly coupled between the fluid passages 1990 and 1995. The 
throat passage 2040; is preferably of reduced size and is adapted to receive and 
engage with a -plug; 2045* or other sinattar device; In this manner, the fluid ? 
5 passage 1990 is fluidiclyasolated from the fluid passage 1995. In this manner, " 
the pressure chamber, 2030 is pressurized:^ ; 

The outer sealing mandrel 1935 is coupled to the tipper sealing head 
1925 and the expansion cone, 1945. The outer sealing mandrel 1935 is also 
movably coupled to the inner surface of the casing 1970 and the outer surface of 
10 the lower sealing head 1930. In this manner, the'tipper seating head 1925, 
outer sealing mandrel 1935, and the expansion cohei 1945 reciprocate in the 
axial direction. The radial clearance between thd outer iitrface of the outer 
sealing mandrel 1935 and the inner surfaeetof the ^mg"i970 fliiy' rknge/ fbr " * 
example, from abou£$$2& a^efi^^ 
15 radial clearance between Uie outer. stu? fafcb 6f the outer stealih§ mandrel 1935 v " * 
and the inner 3urf^ce of the casing 1970 ranges from about 0,025 to 0.125 ' : - 
inches in order to optitoaUypravi ^ pistcih surface &rea to maximize 

the radial j^p^psion forced the inner surface ot 

the outer sealing mandrel 1935 and £he outer Surface of the lo'Wer sealing head 
20 1930 may range, fo^ j^campl^feom about 0:t)25^6O.05 inches: In a preferred 
embodiment; the radial .clearance between thG* inner surface of the duter sealing 
mandrel 1935 and the outCT^j^ace of the low^ sealMg head 1930 ranges from 
abopt 0.^05 to 0.010^ inches in order to optimally prrbvide a minirmi™ gap 'for the 
sealing elements t9bnd^j^d^8^.;i: --.v r --'r: * '* > *- f - - ' 
25 The out^ t sealing mm^ 

member having substantially, cylindrical inner 1 and outer' surfaces. The Oiifer ; 
sealing mandrel 1935, may be fabricated from any number of conventional 
commercially available materials such as, for example, lb w alloy steel, ckrboii 
steel, 13 chromium steel or stainless steel. In a prefeiTed emb dimerit, the 
30 o^ter sealing man drel l 935 is fabricated from stainless steel in order to 

optimally provide maximum strength and minimum wall thickness while also 
providing resistance to corrosion, galling and pitting. 
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The outer sealing mandrel 1935 may be coupled to .the upper sealing 
head 1925 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, .oilfield country tubular 
goods specialty type threaded connection, ...standard threaded connections, or . 
5 welding. In a preferred embodiment, the outer sealing mandrel 1935 is 
removably coupled to the upper sealing head ,1925 by a standard threaded v 
connections connection. The outer, sealing mandrel 1935 may he coupled to the 
expansion cone 1945 using any number of conventional commercially available 1 
mechanical couplings such as, for. example, drillpipe connection, oilfield country 
10 tubular goods specialty type threaded connection, or a standard threaded 
connections connection, or welding; In a preferred embodiment, the outer, 
sealing mandrel i935 is removably coupled jto the expansion cone 1945 by a •.. : 
standard threaded connections connection../^ . y r ,. 

s ?^ e *®W:g& S *F&&$& %^r^*fP^.S«Ji^*^19!3Q, the inner 
15 sealing mandrel 19:20, and tiie pute^ sealing mandrel 1935 together define ai , 
pressure chamber 2030. The pressure chamber 203048 fluidicly coupled to the» 
passage 1990 via one or more passages J035, ,D(uring operation of the apparatus 
1900, the plug 2045 engages with the throat passage 2040 to fluidicly isolate the 
fluid passage 1990 from the fluid passage 1995, The.pressure chamber 2030 is 
20 then pressurized which in turn causes the upper sealing head 1925, outer 
sealing mandrel 1935, an^ 

direction. The axial motion of the,^ turfc expands the 

casing 1970 in the radial direction. 

The mandrel 1?40 is coupled to the lower, sealing head 1930 and the 

25 mechanical slip body 1955. The load mandrel 1940 preferably comprises an 
annular member baymg substantially cylindrical inner and outer surfaces. The 
load mandrel 1940 may be fabricated from any number, of conventional 
commercially available materials such as, for example, oilfield country tubular 
goods, low al^oy steel, carbon steel, stainless steel or other similar high strength 

30 niaterials. In a pref rred embodiment, the load mandrel 1940 is fabricated from 
oilfield country tubular goods, in order to pptimaUy provide high strength. 
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The load mandrel 1940 utiaiy be coupled to the lower sealing head 1930 
using any number tff conventional commercially available mechanical couplings 
such as, for example, drillpipe c6nnectibh, oilfield country tubular goods' 
specialty.type threaded connection, weldiigj amorphous bonding or a standard 
5 threaded connection. In a preferred embodiment, the load mandrel 1940 is *' 
removably-coupled to the lower sealing Head 1930 by a standard threaded 
connection. The load mandrel 1940 may be coupled to tiielnechanical slip body 
1955 using any number of conventional commercially available mechanical 
couplings such as, for example, a drillpipe connection, oilfield count^ ,: tabidar ^ 

10 goods specialty type threaded connections, welding, amorphous bonding, or a 
standard threaded connections connection. In a preferred embodiment, the 
load mandrel 1940 is removably 'coupled to the mechanical slip body 1955 by a ^ 
standard threaded connections connection. ■ * ■ ■ v - ^ ^ ;i *. 

The load mandrel $940 preferably includes a fluid passage 1995 that is 0 

15 adapted to convey Qui die materials frdni the fluid passage 1990 to the regioti 
outside of the appeLratus 1900. In preferred fembbdiment, the fluid passage 
1995 is adapted to convey fluidic materials such ks, toi example, cement, epbxy, 1 
water, drilling mud) or lubricants at operating pressures and fldW rates ranging 5 
from about 0 to 9,000 psi and 0 to $000 gallons/minute. ( ^ 

20 The expansion; cone? 1945 is coupled to the outer sealing mandrel 1935. : - 

The expansion cone 1945 is alscHmbvably coupled to th£ inner surface of the 
casing 1970.> In this mariner! the upp^r sealing head 1925^ outer sealing * 
mandrel 1935, and the expansion cone 1945 reciprocate in the axial direction. 
The reciprocation of the expan^ibti cone 1945 causes the casing 1970 to expand 

25 in the radial direction. - ^ 1 " 1 ^ - 1 J 
The expansion bone' 1945 preferably comprises an annular member 
having substantially cylindrical 'inner ahd conical dutef surfaces. The 'outside 
radius of the outside conical surface niay range, for example, from about 2 to 34 
inches. In & preferred embodiment!, th£ utside radius of the outside conical 

30 surface ranges fromf about 3 to 28 ihches in order to bpturiadly pr vidie cone 
dimensions for the typical range of tubular members': 
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The axial length of the expansion cone 1945 may range, for example, 
from about 2 to.8 times the largest outer diameter of the expansion cone 1945^ 
In a preferred embodiment, the axial length of the expansion cone 1945 ranges 
from about 3 to 5 times the largest outer diameter of the expansion cone 1945 
5 ,. in. order to optimally, provide stability and centralisation of the expansion cone 
1945 during the expansion process. Ih a preferred' embodiment, the angle of 
attack of the expansion cone 1945 ranges from about 5 to 30 degrees in order to 
optimally balance friction forces with the 5 desired amount of radial expansion! 
The expansion cone 1945 angle of attack will vary as a fun&ion of the operating 
10 parameters of the particular expansion operation: '"' ''' 

The expansion x»rie 1945 may be fabricated from any number of 
conventional commercially available materials such as, for example; maclmuP 
tool steel, ceraniics^. tungsten carbidej nitride steel; or other similar high ^ " $: ' r 
strength materials:' In a preferred ehil^diment, the expansion cone 194^ is ' 
15 Cabricated from D2 f machine tool' steel in order to' optimally provide hlgn : v ^ ' 
strength and resistance to corrosion, weax, galling, and pitting. In k ' 1 
particularly preferred embodiment, the outside surface of the expansion ddne 
1945 has, a^urface hardness ranging'frbin about 58 to 62 Rockwell C in order ^ 
optimally provide high strength and resist wear arid galling. . 
20 The^expansiori cone 1945 may be coupled to^the outside sealing mandrel 

1935 usingany number ofi conventional conimerdaUy available mechanical * 
couplings such as^for example, drmpipe conn - 
goods specialty type threaded connection, weldm^ Wiorpnous bonding, or a 
standard tiu;eaded;connedtions Cdnnection. In a preferred ernbodiment; the 
25 expansion cone 1945 is coupled to the dutside sealing mandrel 1935 using a 
standard threaded connections connection in order to optimally provide 
connector strengths the typical opewtmg loading conditions wM^ 
permitting easy replacement of the expansion cone 1945. * ' 7 ■ 
The mandrel launcher 1950 is coupled to the casing 1970. The mandrel 
30 launch r 1950 comprises a tubular Section of casmg havm^k reduced waU 
thickness compared to the, casing 11970. In a preferred embodiment, the wall 
thickness of the mandrel launcher is about 50 to 100 % of the wall thickness of 
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the casing 1970. In this manner, theinitia^on of the radial expansion of the 
casing 1970 is facilitated, and the insertion of th& larger outside diameter 
mandrel launcher 195Q into the wellbore and/or casing is facilitated. 

The mandrel lai^ncher 1950 n*ay be coupled to the, casing 1970 using any 
5 number of con yei^^on^ meqhsinical couplings. The mandreMauncher 1950 may 
have a . wall thickness ranging, for example, from about 0.15 to 1.5 inches. In a 
preferred embodiment, the wall thickness of the mandrel launcher 1950 ranges 
from about 0.25 to 0.75 inches in order to optimally provide high strength with 
a small overall profile. The mandrel launcher 1950 may be fabricated from atty 
10 number of conventional commercially available materials such as, for example, 
oil field tubular goods, low alloy .steel, carbon steel, stainless steel or other 
similar high strength materials. In a preferred embodiment, the mandrel 
launcher 1950 is fabricated fron* oil field tubular goods-pfMgher ^^gt&liut ' 
lower wall thickness than ? t|ie ^mg 1970;in 
15 walled c^nt^eriwith approximately tfce sam^ burst strength as the ca£in£ ^ 1 ^ 

1970. .'^ \. " , ,■ .... . , ■ v V * ; , , 

The mechanical slip body 1955 is coupled to the load maadrel 1970,' tK^ ; 
mechanical slips 1960, and the drag blocks 1965. ,The mechanical dlip body 
1955 preferably comprises a tubular member having an, inner passage 2050 ' 

20 fluid|cly coupled to the passage 1995. I^ tbis manner, fluidic inateriais'may be 
conveyed from the passages 3050 to a. region.outside of the apparatus 1900. : 

The mechanical slip body 195,5 may be coupled; to the load mandrel 1940 
using any number of conventional mechanical couplings. 16* a preferred " 
embodiment, .the mechanical sUp body 1955 is removably coupled to the Toaci u 

25 mandrel 1940 using a standard threaded connection in order to optimally i"» 
provide high strength and permit the mechanical slip body 1955 to be easily 
replaced. The mechanical slip, body 1955 may be -coupled to the mechanical •' ! 
slips 1955 using any number of conventional mechanical couplings. In a 
preferred embodiment, the mechanical slip body 1955 is removably coupled to " 

30 the mechanical slips 1955 using threads gad sliding steel retainer rings in order 
to optimaUy provide high strength coupling and also permit easy Replacement of 
the mechanical slips 1955. The mechanical <shp body 1955 may be coupled to 
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the drag blocks 1965 using any number of conventional mechanical couplings. 
In a preferred embodiment, the ; mechanical slip body 1955 is removably coupled 
to th^drag blocks 1965 using threaded connections and sliding steel retainer 
rings in order to optimally provide high strength and also permit easy 
5 replacement of the drag blocks 1965. < • ' 

The mechanical slips 1960 are coupled to the outside surface of the 
mechanicalslip body 19,55. During operation of the apparatus 1900,' the ; " 
mechanical slips 1960 preventtupward movement of the casing 1970 and ' 
;.. mandrel l a «n^er 1950. In this manner during the axial reciprocation of the ; 
10 expansion cone 1945, the casing 1970 and mandrel launcher 1950 are 

maintained in a substantially stationary position. In this manner, the mandrel 
. a ,* , launcher 1950 and casing 1970 are expanded in the radial direction by the axial 

^ : £ -i, T1 M%m^amcaLshps 19^ 
i 15 coxnmercially available mechanical slips, such as,* for example, RTTS packer - i ^ 
g tungsten carbide mechanical .slips, RTTS packer wicker type mechanical slips or 
Model 3L retrievable bridge plug tungsten carbide upper mechanical slips. In a 
c preferred embodiment, the mechanical slips 1960 comprise RTTS packer 
w:<r tungsten carbide mechanical slips available from Halliburton Energy Services 
W °*r der to optimally, provide resistance to axial movement of tne«casing 1970 

, during the expansion process; .• -. - .. . .. ' ; . -^'i-.^ '■' 1 •>: c 

t * x vi 6 ^ h e deblocks. 1965 : are<»^ ; 
mechanical slip body 1955. During operation of the apparatus 1900, tile drag' 
blocks 1965 prevent upward mov-mtnt of the casing 1970 and mandrel^ 
25 launcher 195^. ^ 

cone l945, the casing 1970. and mandrel launcher 1950 are mamtained in a 
substantially stationary position. In this manner, the mandrel launcher 1950 
and casing 1970 are expanded in the radial 'direction by the axial movement of 
the expansion cone 1945. . . • , ■ - . . ,'• ■ •• , . •. 

30 The drag blocks 1965 may comprise any number of conventional 

commercially available mechanical slips such as, for example, RTTS packer 
tungsten carbide mechanical slips, RTTS packer wicker type mechanical slips or 
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Model 3L retrievable bridge plug tungsten carbide upper mechanical slips. In a 
preferred embodiment* the drag blocks 1965 comprise RTTS packer tungsten 
carbide mechanical slips available from' Halliburton Energy Services in oixler to 
optimally provide resistance to axial movement of the casing 1970-during the 
5 expansion process. /• . - j > r 

The casing 1970 is coupled to the mandrel launcher 1950. The casing 
1970 is further removably coupled to the mechanical slips 1960 and drag blocks 
1965. The casing 1970 preferably* comprises a tubular member. The casing 
1970 may be fabricated from any number of -conventional commercially 
10 available materials such 3s, for example, slotted tubulars, oil field country ? % 
tubular goods^ low alloy steel, carbon steel, stainless 3teel or other similar high 
strength materials. In a preferred embodiment, the casing 1970 is fabricated 
from oilfield country tubular goods available from variotts : foreign and domestic : 
steel mills in order to. optamaUyprovM^ ; ^ 

15 embpdiipen^ V 
, members positioned about the exterior of the casing 1970* ■ : - ' " 

T During operatipn, 4he apparatus 1900 is positioned in a w^llbore with the 
upper end^of the i casing 1970 positioned; in an overlapping relationship within' 
an existing weilbore casing. In order minimize surge pressures within the : 
20 borehole dxiring placement of the apparatus 1900, th^ fluid passage 1975 is " 
preferably provided with one or more pressure relief passages. During £he i c 
placement of the apparatus ISQOon the wellbore, the casing 1970 is supported 
by the expansion con^945u o&nn rw/^ *?, *'V ' v i~ "< ♦ 

Ailer positioning of the apparatus 1900 w 1 
25 overlapping relationship wi$h an existing section ,of weUbote casing, a first 
fluidic materia^ is pumped into the^ fluid passage^ 1975 frdm a surface location. 
The first fluidic material^ is cpnyeyed from t&e fluid passage 1975 
passages 19$0, 1985, 1990, 1995 i: apd 2050. The first fluidic mateVial will th en > 
exit the apparatus and fill the annular region between the outside of the 
30 apparatus 190Q and 3 the interior walls of the bore hole.' -:* u 

(The first fluidic material may c mprise any number of conv htional 
commercially available materials such.^s, for 4xample, drilling mud, water, ; 
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epoxy or cement. In a-preferred embodiment, the first fluidic material ,s 
comprises a hardenafale fiuidie sealing material such aa, for example, cement or 
e P oxv - la this manner, a wellbore casing having an outer' annular layer of a 
hardenable material may be formedi- .B >. : .raj...- r ; ( ■* 

5 The first fluidic material may be pumped into' the apparatus 1900 at 

operating pressures and flow rates ranging, for example,' from about 0 to 4,500 
psi, and ato 3,000 gallons/minutes In a preferred embodiment, the 1 first fluidic 
material js pumped iato the apparatus 1900 at operating pressures and flow ' 
rates i^gmg.firpm about 0 to 4^500 psi -and 0 to 3 -000 gaUons/minute in order 1 
10 to optimally provide operating pressures and flow rates for typical operating 
conditions., . ,., •{ £• 

r ^predetermined point in the injection of the first fluidic material such 

^#o^ample, after the annular region outside of the apparatus ^90#iaf T&e^n 
■f®$^^m8&*mBfa*>*<le9«X?*. ptag<2045,^Iarti or other similar df&ctif ^ v 
-15 intix»duced iato 1^#rs*iluMc , mateEaL The plug 20451bdges in the tiirS'at : ' 5 
:f passage, 2040 thereby flidcudy isolatin^he fluid passage 1990 from the fluid* ;V? 
- passage 1995. ■ V :t ->r* inc. i i > * •• < ■ ■ > ipo:,i,i ;:«.;•:> 

: x ^ ^fteriplacement of the plug 2045 in the tbxoat'passage ^O, a secdM ' ' 
flu M c ^W^ 1 »s pumped into, the fluid passage 1975 in order to pr«lurize the 

20 presgpe chamber 2030, The sfesjhd fluidic material m^ c0mprise any%umbgF 
of ^ypntional commercially available materials; such as,- for examplefwater, ^ 
drilling gases, : drilling mud or lubricant-' MXyttfetTtte^o^hnent, Ih'e second 
fluidic material, compr^e^ a inon-hardenabl^ v'. 
example, water, drilling mud ojr* lubricant m ordgr minimise frictSonal forces. uU 

25 r^ e *^34flt4dicja^^ ■ -i 

operating injure* an^flow rates raagmg,5for axample, from atfoutUto 4,500 ' 
psi and 0 to 4,5PAgaUons^ninute, In a preferred embodiment,' the second '-' "' ' ' ' * 
fluidic material is pumped into the apparatus 1900 at operating pressures and ' 
flow rates, ranging. from about 0 .to 3,500 psi, and Cid- 1;200 gatfo^^ute'uV- r 

30 order to optimaflyprovid^expansion of tiiecasmg 1970. vi " ? 

The pressurization of the pressure chamber 2030 causes the upper ' 
sealing head 1925, outer sealing mandrel 1935, and expansion cone 1945 to 
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move in an: axial direction. As the expansion cone 1945 moves in the axial 
direction, the j^pansipn cone .1945 pulls th mandrel launcher 1950 and drag 
blocks 1965 along, which sets the mechanical slips 1960 afid stops further axial 
movement of the mandrel launcher 1950 and casing 1970. In this manner, the 
5 axial movement of the expansion cone 1945 radially expands the mandrel 

launcher 1950 and casing 1970, . tt i» v ' 

Once^the upper sealing head 1925, outer sealing mandrel 1935, s and 
expansion cone 1945 complete an. axial stroke, the operating pressure of tfie 
second fluidie material is reduced and the drill string 1905 is rmSedl^Tliis 
10 causes the inner sealing mandrel 1920, lower sealing head 1930, load mandf el 
1940, and mechanical slip body 1955 to move upward. This unsets the ° 
mechanical slips 1960 and peraajts the mechanical slips 1960 and'dfag Blocks*^ " 
1965 to besmoved upward within the mandrel launcher and fcasinj^!l%7@/ -WSieffi 
the lower $f#l^ 

15 fluidie material is again pressurized and tk© radial expahai^^ 

In th|s manner, the mandrel launcher 1950 and casingil970 af e radial ^i^deH 
through repeated axial strokes of the upper sealing head 1925, outer ^alihg^ > ^ 
mandrel 1935 and expansion cone 1945. Throughput the radial expansion 
process, the upper end of the casing4970 is preferably maintained in aF * 

20 overlapping relation with an. e^stmgt ^0**%^ we }jbfTre c^ing; v a ^c ; 

At the end of t|ij& radial expansion process, the upfter end of the casihg ' * 
1970 is expanded into^ntimate contact with the inside surface 6f the lower end * 
of the existing wellboi;e casing, r Ji^ a J>referrcEd embodiment, the sealing 
members provided it the upp<sr endiOf the easiagit970 provide a fluidie keal 

25 between the putside surface of t^e «pper end of the casing 1970 kfid the inside 
surface of t^e lower ^d-of the existing wellbore caaii^r^ti a preferred^ 
embodiment, the cor^^act pressure between the casing 1970 and the existing 
sectionof wellbore casing ranges from about 400 to 10,000 psi in order td : 
optimally, provide contact pressure for activating sealing members, provide 

30 optimal resistance to axial movemept of the expanded casing 1970; and ^ 
optimally support typical tensile and compressiv loads. 7 
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In a preferred eqibodiment, as the expansion cone 1945 nears theerid of 
the pasing 1970, : the operating flqw rate qf the second fluidic material is reduced 
in order to, minimize shock to the apparatus 1900. In ah alternative ■ 
embodiment, the apparatus 1900 includes a shock absorber for. absorbing the 
5 shock created by the completion of the radial expansion of the casing 19^0. 

In ^preferred embodiment, the reduced operating pressure of the-second 
fluidic material ranges from about 100 to, 1,000 psi as thfc expansion cone 1945 
nears ^he end of the casing 1970 in order to optimally provide reduced axial • 
* v« ^movement aiid yelopity of the expansion cone 1945. In acpreferred embodiment, 
10 the operating pressure of the second fluidic material is reduced during the 
return stroke of the apparatus 1900 to the; range of about 0 to 500 psi in order 
minimize the resistance to the movement of the expansion cone 1945. In a r 
* preferred embo<^ent, the stroke length of the apparatus 1900 ranges from 
tvbout .10 to 45 feet m order to^gptim^^fpFovid^ lengths-ihat ^an be 

15, handled by typical oil weU ripging equipmeiit w v - y, 

frequency at which the expansion, cone 1945 must be stopped so the apparatus 
■ v - ,1900 can be re-stroked for further expansion operations ; *■ v* H.- 
In an altematiye^eaa^pdim 
4 head 1925 includes an expansion cone for radially 'exfiandirig the mandrel 
20 launcher 1950 and casing 1970^ duxing operation ofithe apparatus 1900 in order 
to increase ; the surface area of the casing 1970 acted upon during the radial 
expansion process. < In this manner, the operating pressures^ban be redu<^.^^^^ 

In an alternative embodiment, mechanical slips are positioned hi an axial - 
location between the seahng sleeve 1915 and the inner sealing mandrel 1920 in 
25 orcl^r to simplify the operation and assembly of t^ 
Upon.the complete ra ^ 
first fluidic material is permittecl to cure within the annular'region between the 
outside of the expanded casingtl970 and the interior walls of^ the wellbore: In 
the case where the expanded casing 1970 is slotted, th cured fluidic material 
30 will preferably ; permeate and envelop the expanded casing. In this maimer, a 
new section of wellbore casing is formed within a wellbore. Alternatively, the 
apparatus 1900 may be used to join a first section of pipeline to an existing 
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section of pipelined Alternatively, theapparatus 1900 may be used to directly 
line the interior of a-wellbore with a casing; without the use of" an oiiter aimular 
layer of a hardenable* material. Alternatively, the apparatus 1900 may be used 
to expand a tubular support member in d hole. * ' ^ ^ . * 

5 Dxtring the radial expansion process; the pressurized areas of the " : 1 

apparatus d900 arelimited to the fluid passages 1975, 1§80, 1985, and 1990, 
and the pressure chamber 2030, No fluid pressur&acts directly 6n the mandrel ! 
launcher ,1950 and casing 19#0. This permits the use of operating ptesfcures' 
higher than the mandrel launcher 1950 and casing 1970 could normally 

10 withstand. i| ^ ; , 

Referring now to Figure 16, a preferred embodiment of an apparatus 
2100 for forming a*mono-diam^ The ; v ' 

apparatus 2100 preferably indues a drillpipe 2105, to iracfrst^g-ad^^ 
2110, a sealing sleeve 211^ ^ 2120, slip^ 2125, upper : 

15 sealing head 2130; lower-sealin^ v 
mandrel 2^.45, expansion cone 2150, and'casing 2155: - ? 

The drmpipe 2105 is couple^: to * 
operation ..of the apparatus 2100, the drillpipe 2105 supports £Be apparatus 
2100. The drillpipe 2105 preferably comprise a substahtiaUy h^ ™ 

20 member or members. The driflpipe 3 2105 to^y befabri 

conventional: commercially available materials such as, for example, oilfield 
country tubular goods, low alloy steel, carbon steel; stainless steel or other ^ 
similar high strength material. In a preferred embodiment, the drillpipe 2105 is 
fabricated from coiled tubing in order to facihate tfce placemen t of ^ ■ ?; 

25 apparatus 1900 in non-veiiical wellbores. Th^drilljSpte 2105 inay be coupled to 
the iQnerstring adapter 2110 using any number of conventional commercially 
available mechanical couplings such as, for example, drillpipe connection, ' ; : * 
oilfield country tubular goods specialty typ6*tfoeaded bonnectiohv ratchet-latch 
type connection, jOf a standard threaded toihectibn? In a preferred 

30 embodiment, the drillpip ; 2 105: is removably coupled to the innerstrihg adapter 
2110 by a drill pip^ connection. ■; M - • T " : » 
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The drillpipe 2105 preferably includes a fluid passage .2160 that is 

adapted to convey fluidic materials from a surface location into the fluid 

passage 2165. In a preferred embodiment, the fluid passage 2160 is adapted to 

convey fluidic materials such as, for example, cement, epoxy; water; drilling 

5 mud or lubricants at. operating pressures and flqw^ rates ranging from about 0 to 

9,000 psi and 0 to 3,000 gaflons/ininute. . , 

The innerstring adapter 2110 is coupled to the drill string 2105 and the 

sealing sleeve 2115. The innerstring adapter 2110 preferably comprises a 

su|stantially c ho.Uow tubular member or members. The innerstring adapter ! 

10 2110 may be fabricated from any number of conventional commercially 

available materials such as, for example, oilfield country tubular goods, low 

alloy steel, carbon steej, stainless steel or other similar high strength? materials. 

^*?^ m ^»;^ h « mnerstring adapter 2110 is fabricatedlfrom^ 

" . ?^^ e f? s ^ m ^ r ; d ^ ^ 0 P^^ v ;F°n de high slxeng^, low friction- and 
15 resistance. to. corrosion and wear. 

Tl»e innerstring adapter, 2110 maybe coupled to the drill string 2105' r * 
using any^umber of conventional cpmmercially available mechamWcouplnigs 
*: ?u <£ W> ■««nrale» drillpipe connection, oilfield jcountry tubular go& " 
ape^a^lv^tiireaded connection, ratcheMatch typero^ 
20 threaded connection. In a preferred, embodiment, the mnerstrmg adapter 2 1^10 
is remqyably co upled to. tb* drifl pipe 2M^ connection. The 

innerstring adapter- 21 10 may be coupled to. the sealing sleeve 2115 using -any 
nuj^er o|conyentional commercially available mec^^ such as, 

for example, drillpipe connection, oilfield country tubular goods specialty type 
25 threaded connection, ratchet-kitch t^ 

threaded connection. In a preferred embodiment, the innerstring adapter 2110 
is removably coupled to the sealing sleeve 2115 by a standard threaded v ■ j 
connection., _ 

The innerstring adapter 2110 preferably includes a fluid passage;2165 
30 that is adapted to convey fluidic materials from the fluid passage 2160 into the 
fluid passage 2170. In a preferred ,embodim nt, the fluid passage 2165 is 
adapted.to convey fluidic materials such as, for example, cement, epoxy, water 
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drilling muds, or lubricants at 'operating pressures and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 1 J ' 

The sealing sleeve 2115 is couplbd to the innerstring adapter 2il6 and 
the inner sealing mandrel 2120. The sealing steeve 2115 preferably comprises a 
5 substantially hollow tubular member oir members. The sealing sleeve 2115 may 
be fabricated from any number of conventional coiiimeraally available 
materials such as, for Example, oil field tubular goo&&, low alloy steel, carbon 
steel, stainless steel or other similar high strength materials. In a preferred 
r . embodiment, the sealing sleeve 2115 is fabricated from stainless steel in order 
10 to optimally provide high strength, low friction surfaces, ahd[ resistance to 
corrosion, wear, galling, and pitting 

i. t - .... , * fj ■ o 

^ The sealing sleeve 21 15 may bet coupled totthe innerstring adapter 2110 
?. : using any number of conventional temmerciaiUy available mechanical coiipiings 
: Z such; as, for example; a staiidard tiir 

15: g°pdsuspecialty type threaded connections, weldiiig; amorphous iioiidiri^ br a 
^ standard threaded connection, lii a preferred embodiment, "the sealing sleeve 
: r 2115 is removably coupled to the innerstring adapter 2110 by a standard^ ' 
:> threaded connection. The sealing Sleeve 2ll5 miy be coupled to tlie inner 
tr, sealing mandrel 2120 using an^ number of conventional commercially available 
20 y mechanical couplings stich asi Tot example, a standard threaded Connection, 
^ oilfield country tubular goods specialty type threaded rannectaons, welding, 
rx amorphous bonding, or a at^dard thread In a preferred 

r embodiment, the sealing sleeve 2115 iS removably coupled to thfeinher sealing 
mandbrel 2120 by a standard tiro ; 
25 The sealing sleeve 2115 preferably includes afluid passage 2170 tiiat is 

adapted to convey fluidic materials from the fluid passage $5165 into the fluid ; 
r, passage 2175. In a preferred embodiment, the fluid passage 2170 is adapted to ' 
convey fluidic materials such as, for example, cement, epoxy, water, drilling a 
mud, or lubricants at operating pressures and* flowYates ranging from about 0" 
30 to 9,000 psi and 0 to 3,000 gallons/minute. ; v " 

The inner sealing mandrel 2120 is coupled to tlie sealing sleeve 21 15, 
slips 2125, and the lower sealing head 2135. The inner sealing mandrel 2120 
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preferably comprises a substantially hollow tubular member or members. The 
inner sealing mandrel 212Q may be fabricated from any number of conventional 
commercially available materials such asj for example, oilfield country tubular 
goods, low alloy, steel, carbon steel, stainless steel or other similar-high strength 
5 materials.' In a preferred, embodiment, the inner sealing mandrel 2120 is 
fabricated from stainless steel in order to optimally provide high strength; low 
friction surfaces, and corrosion and Wear resistance. ' '•' 

, The inner sealing mandrel 2120 may be coupled to the sealing sleeve 
2115 using any number of conventional commercially available mechanical 
10 couplings such as,- for example, drillpipe connection, oilfield country tubular 
goods specialty type threaded connection, or a standard threaded connection. 
In. a preferred embodiment, the mher sealing mandrel 2 1 20 is removably 
coupled to the sealing sleeve 2115 Jby a standard threaded connection. The 
standard threaded connection provides nigh strength and permits easy 
15 replacement of components. The inner sealing mandrel 2120 may be coupled to 
the slips 2125 using anym umber of conventional commercially available 
mechanical couplings such as, ; for example; welding, amorphous bonding, or a 
standard threaded connection* In . a preferred en^dimen^ the niner seaKhg 
mandrel 2120 is removably coupled to the sups 2125 by a standard threaded 
20 connection. The inner sealing mandrel 2120 may be coupled to the lower 
sealing head 2135*using any^ commercially available 

mechanical couplings such: as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, welding, amorphous bonding : 
or a standard threaded connection. In a preferred embodiment, the inner 
25 sealing mandrel 2120 is removably coupled to the lower sealing head 2135 by a 
sta n da r d, threaded connection j - u . ' •«;..' 

The inner sealing mandrel 2120 preferably includes a fluid passage 2175 
that is adapted to convey fluidic materials from the fluid passage 2170 into the 
fluid passage 2180. In a preferred embodiment, the fluid passage 2175 is 
30 adapted to convey flmdic<materials such as; for example, cement, epoxy, water, ' 
drilling . mud or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3,000 gaUons/miniite. ' 
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The slips 2125 are coupled tothe outer surface of the inner sealing 
mandrel 2120. During operation of the apparatus 2100, the slips 2125 
preferably maintain the* casing 2155 in a substantially stationary position 
during, the radial expansion of the casing 2155. ; In a preferred embodiment, the 
5 slips 2125 are activated using the fluid passages 2185 to convey pressurized 
fluid material into the slips 2125. . u 

The slips 2125 may comprise any number of commercially available 
hydraulic slips such as, for example, RTTS packer tungsten carbide hydraulic 
slips or Model 31^ retrievable bridge plug hydraulic slips. In a preferred 
10 embodiment, the slips 2125 comprise RTTS packer tungsten carbide hydraulic 
slips available from Halliburton -Energy Services in of der to optimally provide 
resistance, to axial moveqaent of the .casing 2155 during the expansion process. 1 
In a particularly preferred embodiment, the slips include a fluid passage 2190; 1 ' 
pressure chamber 219^ - r J " 

15 , The sUps 2125 may be : coupled, to the inner sealing mandrel 2120 using v 
any number of conventional mechanical couplings. In a preferred embodiment! 
the slips 2125 are removably coupled to the outer surface of the inner scaling- 
mandrel 3120 by a thread connection in order to optimally provide 
interchangeabihty of parts. . i : , ^ :? . , 

20 The upper sealing head 2130 is' coupled to the outer sealing mandrel 

2140 and expansion cone 215Q. The upper sealing head 21S0 is also ttibvably r 5 
coupled to the. outer surface of the inner sealing mandrel 2120 tbsd the inner 
surface of the casing 2155. In this manner, the upper sealing head 2130 * - 
reciprocates in the axial direction. The radial clearance between the ihn6r ^ 

25 cylindrical surface of the upper sealing head 2130 and the outer surface of the 
inner sealing mandrel 2120 may range, for example, from about 0.025 to 0.05 
inches. In a preferred embodiment, the radial clearance between the inner 
cylindrical surface of the upper sealing head 2130 and the outer surface of the 
inner sealing mandrel 2120*ranges from; about 0.005 to 0.010 inches in order to 

30 optimally provide a pressure seal. The radial clearance between the outer 

cylindrical surface of the upper sealing head 2130 and^the inner surface of the ' 
casing 2155 may range, for example, from about 0.025 to 0.375 inches. In a ' 
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preferred embodiment, the radial clearance between the outer cylindrical 
surface of the upper sealing head 2130 .and the inner surface of the casing 2155 
ranges from about 0.025 to 0.125 inches in order to optimally provide » 
stabilization for the expansion cone. 2130 during ( aarial movement of the 
5 expansion cone 2130. . ( 

The upper sealing head 2130 preferably comprises aft annular, member; 
having substantially cylindrical inner and outer surfaces. The upper sealing 
head 2130 may be fabricated from any number of conventional commercially, 
available materials such as* for example, low alloy steel, carbon steel, stainless 
10 steel or other similar higl* strength materials. In a preferred embodiment, the 
upper sealmg head 2130 is fabricated from stainless steel in order to optimally 
provide high strength, corrosion resistance, and low friction surfaces. The 

T^^. ^f^^'f^^ head 21301 preferably includes one orW^ ; 
annular, sealingmembera ,m 

15 s e^||^; 2 130i/and theinner sealing mandrel 2120. The sealing inembers" ;r 
22^^may,conmrise any number of conventional commercially available anuular? 
sealmgmembers sueh*s, for example, o-rings, polypak seals, or metal ^prini W 
energized seals; In a preferred embodiment, the sealing members 2210 
comprise polypak seals available from Parker Seals in order, to optimally 
20 provide sealing for a long axial .stroke..,.. . \ . «• 

Inapefeired^oo^m^ ; ^ 

shoulder 2215 for supporting the upper sealing head toWm the lower sealing " 
head 2135. , „ - 

The upper seahng he^ 213J) may de coupled to. the outer sealing 
25 mandrel 2*40 usmg^ 0 £ conventional commercially available 

™tthBmc*nu?]in& su<* *a, for example, ; drm P ipe, connection, oilfield country 
tubular goods specialty threaded connection, welding, amorphous bonding or a 
standard threaded connection. In a preferred embodiment, the upper sealing 
head 2130 is removably coupjed to the outer sealing mandrel 2140 by a 
30 standard threaded connection. In a preferred embodimenti^the mechanical 
coupling between the uppe^ 

2140 includes one or more sealing members 2220 for fluidicly sealing the 
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interface between the upper sealing head 2130 and the outer sealing mandrel 

2140. The sealing meifcbers 2220 may comprise any number of conventional 

commercially available sealing members such as, for example, o-rings, polypak 

seals, or metal spring energized seals. Iii a preferred embociiment, the sealing 

5 members 2220 comprise polypak seals available from Parker Seals in orcier 'to 

optimally provide sealing for a: long 1 axial stroke. 

* The lower sealing head 2135 is coupled to the inner sealing mandrel 2120 

and the load mandrel 2145. The lower sealing head 21^5 is also movably 

coupled to the inner surface of the outer sealing mandrel 2140. In this manner/ 

10 the upper sealing head 2130, outer sealing mandrel 2140, and expansion cone 

2150 recipfrocate in the axial direction. Tile radial clearance between the outer 

surface of the lowers sealing head 2135 and the inner surface of the outer sealing 

mandrel 2140 mriy range, "for example, from about 0.0025 to 6-05 ind$esr^In4 

■ l ; , preferr ed/6mbodimteiit; the radial btearance "between the outer stufeoS^f^te^ ? ' v 

15 lower sealing tfieacl 2 ISS an& tile inner stirfiii» of thei outer sealing m^dr^* 5! 140 *' 

. ranges from about 0,0025 to^0.05 inches in order to optimally provide^ rmhimal 1 ^ 

radial clearance; ; *' ' ' ' : /'w^ui. 

- - v ■■■■ 
\ r The lower sealing head 2135 preferably comprises an annular member ^ ^ 

having substantially cylindrical inner md outer surfaces. Trie lower sealing 1 

20 head 2135 may be fabricated from any numbei- of conventional commer daily ^ 

available materials such as/fof ekstople/ bilfleld cdtmtry tubular goodk/low 

alloy steel, carbon steel, stainless steel 6t other similar high strength materials j 

In a preferred embodiment, the lower sealing head 2135 is fabricated from 

stainless steel in order to optimally provide high strength, corrosion resistance, l 

25 and low friction surfaces. The outer surfac^ of the lower sealing head 2135 

preferably includes one or more annular seating members 2225 for sealing the - 

interface between the lower sealing head 2135 and the outer sealing mandrel " 

2140. The sealing members 2225 may comprise any number of conventional 

commercially available Annular sealing members such as, for exampl , o-rings, r 

30 poljrpak seals- or metel spring energizeid seals. In a preferred embodiment, the 

sealing members 2225 comprise polypak seals available from Parker Seals in 

order to optimally provide sealing for a long axial stroke. 

- 118 : 

SUBSTITUTE SHEET (RULE 26) 



^WOOO/77431 



PCT/BL00/00245 



« , , The lower sealing head 2135-may be coupled to the inner sealing mandrel 
2120 using any number of conventional coinmerci^ i 
couplings such as, for example, drillpipe connection; oilfield country tubular 
goods specialty type threaded connection, welding, amorphous bonding, or a 1 
5 standard threaded connection. In a preferred embodiment, the lower sealing 
head 2^36 is rempyably coupled to the inner sealing mandrel 2120 by a s ' 
standard threaded connection. In a preferred embodiment, the mechanical ' 
coupling.between tbejower sealing head:2135 and the inner sealing mandrel ? 
2120,includes one or more sealing members 2230 for fluidicly sealing the 
10 mterface betweensthe lower sealing head 2135 and the inner sealing mandrel* 
2120. The sealing members 223i) may comprise any number of conventional 
commercially available sealing members such as, for example, o^imgs. ^polypak - 
seals^or.mejaj, spring energized seals. Insa preferred embodiment, the seaiMf^ 1 

15 ?P^^y.-P r ?yi d je scaling for along axial! stroke. > > . x -v >'Sf^'4ff f -'4" r 

: -r ^The^Q^wec#ealing;head 2 135 may be coupled to the load mandrel 2145 **** ' 
usmg any^number of conyen^ 

such as, for ^ampler drillpipe connection, oilfield country tubular gobds ' ; C : ' !: 
specialty^e^ed cpMection, welding, amorphous bonding; or a standard '" :ir - <; 

20 threaded ^ connection. In a preferred emhodimentf the lower sealing head 2135 
is ^moyably.Goupled to the r load mandrel 2145 by a standard threaded 
connection. In a preferred embodiment, the mechanical coupling between the Lr 
lower sealing head 2135 and the, load mandrel 2145 includes one or more 
sealing members-2235 for fluidicly sealing the mterface between the lower ' 

25 sealing head 1930 and the load mandrel 2145. The seamig members 2235 may 
comprise any number- of cpnyentiQnaka>mmercially availablesealing members 
such as, for example, o : rmgs, polypak seals,* or metal spring energized seals/ In 
a preferred en^odiment, the sealing members 2235 comprise polypak seals 
available from Parker Seals in order to Optimally provide sealing for a long axial 

30 stroke. -'■■■■> ::. . ■» 

In a preferred embodiment, the lower sealing head 2135 includes a throat 
passage 2240 fluidicly coupled, between the fluid passages 2175 and 2180 This 
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throat passage 2240is preferably of reduced size and is adapted to receive and 
engage iwith a plug 2245, or ;«tber similar device. In this manner, the fluid 1 
passage 2175 is fluidicly isolated fkom; the fluid passage 2180. In this manner, 
the pressure ^ chamber 2250 is pressurized. " 
5 j The outer sealing mandrel 2140 is coupled to the upper delating head 

2130 and the expansion, cone 215(fc The outer sealing mandrel 2140 is also 
movably coupled to the inner surface of the casing 2155 arid the outer surface of 
the lower sealing head 2135. In this manner, the upper sealing head 2130, f 
outer sealing mandrel 2140* and the expansion cone 2150 reciprocate in the 1 
10 axial direction* The radial clearance between tfaeputer surface of the outer >J * 
sealing mandrel 2140 and the inner surface of the casing 2155 r^ay range, for 
example, .from about 0.025 to 0.375 inches. In a prrfeiTed embodiment, £he 
radial clearance between the outer surface of the outer fc&eJirig ieiiandtef 2140" 
and the inner surface of the u casingJ2155 ranges fi^m <*bout 0.025 tb 6.125 
15 inches in order to qptimatiy provide stah^ expansion co'ne 2130 ' 

during thp expansion process.; The radial. clearance between -the irirter surface 
of the outer sealing mandrel 2140 arid the outer surface of the lower sealing 
head 2135 may range, for example, from about 0.005, to 0.425 inches; in £ 
preferred embodiment, the^auiial dearance between ^ 
20 outer sealing mandrel 2140 md the outer surface eff £he lower sealing tie&d 2135 
ranges from about 0,005 to OwOlO inches in order to optmially provid^ TWiTiiTnrfl 
radial clearance. , • - ^ v>. .*.<'l r * . * ;r 

The outer sealing mandrel 2140 preferably comprises an annular 
member haying substantially cylindrical inner and outer surfaces. r The outer 1 
25 sealing mandrel 2140 may be fabricated from any number of conventional r J ' H 
Mnpmeraally available majteriais auch as^ for example; oilfiead "country tabular " 
goods^low alloy steel, carbon steel, stainless steel, or other similar high ; 
strength materials. In ajjreferrefcl embodiment, the outer sealing mandrel 2140 1 
is fabricated from stainless steel in order <to optimally provide* high strength, ' 
30 corrosion resistance, and low friction surfaces. * 
The outer sealing mandrel/2140 may be coupled to the upper sealing 
hea,d 213Q ; using any number of conventional commercially available mechanical 
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coupliBg| ; sucH as, ,for example, drillpipe connection, oilfield country tubular 
goods specialty threaded -connection, welding, amorphous bonding or a standard 
threaded connection. In a preferred embodiment, the outer sealing mandrel 
2140 is removably coupled to the upper sealing head 2130 by a standard 
5 threaded connection. The outer sealing mandrel 2140 may be coupled to the ? 
expansion cone 2150 using any number of conventional commercially available ' 
mechanical, couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty threaded connection, welding, amorphous bonding, or a 
st ^F d threaded connection < .In a preferred embodiment; the Guter lealnig 5 * 
10 mandrel 2140,is removably coupled to the expansion cone 2150 by a standard ' 
threaded connection. - v * 

o r , ,The upper sealing head , 2130, the lower sealing head 2135, inner sealing 
m ^%?l ?12 9';^ define fp^slure 

? - t ^^^l^v^pr^^ thelsassag^ 
15 2175 via one or more passages 2255* During. operation of the apparatus §i()d; ' 

lixe plug 2245 engages with the throat passage 2240 to flmmcly isolate the fluid ' 
->i. P^sage 2175-fr 0 m the fluid passage; 2180. The pressure chamber 2250 is then ' 
pressurized which in turn causes the upper sealing head 2130, outer" sealing ^ 
mandrel 214Q, and expansion, cone 2150 to reciprocate in the axial dirttfonT ^ 
20 Theaxial motion of the expansion cone 2150 in' torn expands the casMg 215fm 
the radial direction.- , .^.y. . .-.V; : .. • 1 ; i'. •, ' : ^rW4' •■< 

:V- load 2145 ^coupled to theilower^ sealing head 2135. The 3 

loadmandr^.2145preferabh/cpmp^ ■:: ■<■<■; 

substantaaUy cylmdrical inner and outer surface* The load mandrel 2145 may 
25 befabrica^fi^manynum^ n r 

materials such as, for example* oilfield country ^tubular gbods, low alloy steel; 
carbon steel, stainless. steel or other siinilarMgh strength materials. In a ' ' 1 
preferred embodiment, the load mandrel 2145 is fabricated from stainless steel 
in order to optimally provide high strength, corrosion resistance, and low "> 
30 friction bearing surfaces. ^ * * ..<.... 

The ipad mandi 1 2145 may be coupled to the lower sealing head 2135 
using any number of conventional commercially available mechanical couplings 
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such as, for example?; drillpipe connection^ oilfield country tubular goods 
specialty threaded^connection, welding, amorphous bbhding 6t a standard 
threaded connection. In a preferred embodiment, the load main drel 2145 is* 
removably coupled tp the lower sealing head 2135 by a standard threaded ' 
5 connection in orde^ to -optimally provide high ; strength and permit eiasy ' 
replacement of thq load mandrel 2145. ■ 

The load mandrel 2145 preferably includes a fluid passage 2180 thkt is 
adapted to convey fluidic materials from the fluid passage 2180 to the region 
outside of the apparatus 2100. In a preferred etnbodimenti the fluid pissa^e 

10 2180 is adapted to convey fluidic materials 'such as, for example, cement, Wpb3cy f ; 
water, drilling mud, or lubricants at operating pressures and flow rates ranging 
frojp about 0 to 9,000 psi and 0 to 3,000 gallons/minute. " " 

The expansion cg$§ 2150 is coupled tQ the outer sealing iriandrel 2 140?^ x 
The expansion cone 2 150: is also movably ^upled r to the iiin€r ^lirfacfe of the - " * 

15 casing 2 155. In this mann^ithe upper sealing head 2130, btiter sealing v - 
mandrel ^140, and the expansion cone 2150 reciprocate in the axial <iif ectionl 4 
The rerippocation.of the expansion cone 2150 causes thetasing 2i55*£6 fcxpancl 
in the radial direction. c - : ^ ^ ' 

r^ , The„expansion cone 2150 preferably comprises l an^ w 

20 haying substantially cylindrical inner and conical outef surfaoesk r Th^ butside 
radius of the outside conical surface may range, for example, from about £ to 34 
inches. In a prefierred^ embodiment, the outside Radius of thfe oiitsidfe comical 
surface ranges from about 3 to 29 mehes>in o*xlei*to optimally provide ^he L ' 
dimensions thai, are optimal for 

25 expansion co^e 2^50 may r^ge, for example, from 

largest outside diameter of the expansion cone 2150. Eh a preferred fc 
embodiment, the axial length of the expansion cone 2150 ranges from about 3 
to 5 times the largest outside diameter of the expansibn cone ^iSO'm order to 
optimally provide stability and c ntralization f thfe expansion cone 2150 during 

30 the expansion process. In a particularly preferred embodiment, the maximum 
outside diameter of the expansion cone 2150 is between about 90 to 100 % of 
the inside diameter pf.the existing wellbdre that the casing 2155 will be joined 
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with.. In a preferred .embodiment, the angle of attack of the expansion cone 
2150 ranges ffom about 5 to 30, degrees in order to optimally balance friction 
forces and radial expansion forces. The optimal expansion cone 2150 angle of 
attack will vary as a function of the particular operating conditions of the 
5 expansion operation.. . ; . v . •; 

j The expansion cone 2150 may ; be fabricated from any number of s 
conventional commercially available materials such as; for example, machine 
tool steely nitride steel, titanium, tungsten ,carbide, ceramics, or other similar 
high strength materials. In a preferred embodiment, the expansion cone 2150 
10 is fabricated from D? machine tool steel in order to optimally provide high 
strength and resistance to wear and galling. In a particularly preferred 
■^v^^vSR*!?^ ^^^ u ^ s **^ e -l s : W^' ace Pf^e expansion cone 2150 has a -surface 
h ff dn ^ ? ^?IB n f^'S m •fcP 1 ?* *>§ *° 62 Rockwell C in order to optimally provide 
„. resu^ance^to r ;^ear., . . , . ^ . , ; ,., :;1 • ; r; ,~YJ^:\ $-s&M\¥& 

> 15 jT^exp^ion cpn^aiSO may be coupled to, the outside sealing mandrel ^ " 

. 2 f 4 9 ^ number of conventional commercially available mechanical ; 
^MRMiSf >|uch^as, for example, drillpipe connection,Loilfield country tubular r •'" 
goods specialty type threaded .connection, .welding, amorphous bonding oPg€:# ;» 
standard|hreade^^nnection; In a preferred embodiment, the expansion cone 
20 2150 is cpuRled-to the putside seahng mandrel 2140 using a standard threaded 
connection^ order to optimaUy provide high strength and permit the ' ; 

expansion cone .2150 to be easily replapeds y ^':..'.' f :' r n. 4 '.! .., . *>*r \ 

The casing 2155 is removably coupled tfr the slips 2125 and expansion * 
cone 2150. The casing 2155 preferably comprise a tubular member. The 
25 casing 2155 may be fabricated from any number of conventionalKcommercially 
available materialmen as, for example, slotted tubulara, oilfield country 
tubular goods, low alloy steel, carbon steel, stainless steel or othetfsimilar high 
strength material. In a preferred embodiment, the casing 2155 is fabricated 
from oilfield ? country tubular goods available from various foreign and domestic 
30 steel mills in order to optimaUy provide high strength. v , < 

In a preferred mbodiment, the upper end 2260 of th casing 2155 
includes a thin wall section 2265 and an outer annular sealing member 2270: 
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In a preferred embodiment, the wall thickness ttf the thin wall section 2265 is 
about 50 to 100 .% of the:regular wall thickness of the casing 2155. In this 
manner, the tipper end 2260. of the casing 2155 ihsiy'be easily expanded and 
deformed into intimate contact with the lower end of an existing section of 
5 wellbore casing. In a preferred embodiment, the lower end of the existing 
section of casing talso includes a thin wall section. In t&is maimed, the radial 
expansion of the thin walled section 2265 of casing 2155 into tiie thin walled 
section of the existing wellbore casing results in a wellbore casing having a 
substantially constant inside diameter. 
10 The annular sealing member 2270 may be fabricated from any number of 

conventional commercially available sealing materials such 'as, for example, 
epoxy, rubber, metal or plastic. In a preferred embodiment, the annular sealing 
member 2270 is fabricated from StrataLock epoxy in birder to optimally provide 
compressibility and resistance to wear. The outside diameter of the annular 
15 sealing mender 2270 preferaij^ 

diameter of the lower section of the wtellbote casing that the casing 2155 is 
joined to. In this manner, after expansion, ihfe'anhidar'sealing member 227$ 
preferably provides a fluidic seal and also preferably ^provides sufficient * 
frictional forqe with the inside surface of the existing section of wellbore casing" 
20 during thq radial expansion of the casing 2155 to st^^drt the casing '2i&5. 

In a preferred embodiment, ; -th%ffower- : ehd : 2i275'ibf the casing 2155 
includes a thin wall section 2280 and ah outer anntdar sealing member 2285. * 
In a preferred embodiment, the wail thickness of the thin wall section 2280 is 
about 50 to 1Q0 % of the regular wall thickness df the casing 2155, In this 
25 m a n ner, the lower end 2275 of the 1 casing 2155 may be easily expanded and 
deformed. Furthermore, in : this Maimer, ah other section of c^ing 
easily joined with the lower end 22U5 of the casing 2155 using a radial ' 
expansion process, sin a preferred embodiment, the upper end of the other 
section of casing als includes a thin wall section. In Hub manner, the radial 
30 expansion of the thin walled section f the upper end of the other casing into 
the thin walled section 2280 of. the lower eiid of thd casing 2155 results in a 
wellbore casing having a substantially constant inside diameter. 
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The ajwular.sealing member 2285 may be fabricated from any number of 
conventional commercially available sealing, materials such as, for example, > 
epoxy, rubber, metal or plastic. In a preferred embodiment, the annular sealing 
member 2285 is fabricated from StrataLock epoxy in order to; optimally provide 
5 compressibility and wear resistance. The outside diameter of the annular - 
sealing member 2285 preferably ranges from about 70 to 95 % of the inside 
diameter of ^he lower section of the existing wellbore casing that the casing ; 
2155 is joined to. In this manner, the annular sealing member 2285 preferably 
provides a fluidic seal and also preferably provides sufficient frictional force * 
10 with the inside wall of the wellbore during the radial expansion of the casing 
2155 to support the casing 2155. 

• > ,r D *^S ( op^ation, the apparatus 2100 is preferably positioned in a 
wellbore with the upper end 2260 of the casing 2155 positioned in an 
: oyerlajipin^relationslup with thejowerend of an existing weUbore casuig. In a 
15, . particulaxly preferred^ 2265 ofthe c^amg 4 " ; 

< v 2155^ positioned in opposing overlapping relation with the thin wall' section 
a^d outer annular sealing member of the lower end pf the existmg sectibn bf 
wellbor^ casing. In this maimer, the radial expansion of the casing 2155 will 1 
compress.,the tiun wall sections and annular compressible members of the upper 
20 end 2260 of the casing 2155 and , thq lower end of the existing wellbore casing 1 v 
into intimate contact During tije positioning of the apparatus 2100 in the 'w 
wellbore.the casing. 2155 is supported by the expansion cone 2150. r •«■' ' 

After positioning of 'the apparatus 2100, a fn-st fluidic material is then 1 
pumped into the fluid passage 2160. The first fluidic material may comprise -h 
25 number of conventional conmerc^^ 

example, drilling mud, water, epoxy, or cement In a preferred einbodimerit, the 
first fluidic material comprises a hardenable fluidic sealing material such as, for 
example, cement or epoxy in order to provide a hardenable outer annular body 
around the expanded casing 2155. 
30 The first fluidic material may be pumped into the fluid passage 2160 at 

operating pressures arid flow rates ranging, for exampl , from about 0 to 4,500 
psi and 0 to 3,000 gajlons/minute. In a preferred embodiment, the first fluidic 
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material is pumped into the fluid passage* 2 160 at operating pressures and flow 
rates ranging from about 0 to 3,500 psi arid 0 to ! 1,200 gaUbns7mmute in order 
to ioptimally provide operational efficiency. L ■ 

The first fluidic material pumped into the fluid passage 2160 passes 
5 through the fluid passages 2165, 2170, 2175, 2180 and then 'outside' of the 

apparatus 2100. The first fluidic material then fills the annular region between 
the outside of the apparatus 2100 and the interior walls 6f the weUfcore! 

The plug 2245 is then introduced into the fluid passage £lf>(L The plug 
2245 lodges in the throat passage 2240 and fluidicly isolates and blocks off the 

10 fluid passage 2175. In a preferred embodiment, a couple of volumes of a non- 
hardenable fluidic material are then pumped into the fluid passage 2160 in 
order to remove any hardenable fluidic niaterial contained within and to ensure 
that none of the fluid passages are blocked. ' ' /' - v ' '^feh-v art-*. 

A second fluidic material is thelit pumped into the fluid passage 2160. 

15 The second fluidic material may comprise any number of cotiVeritional 

commercially available materials such is, for example, drilling mud, waiter; ^ 
drilling gases, or lubricants. Ih a preferred embodiment, the second fluidic ^ 
material comprises a non-hardenable fluidic 'material such as, for example, " ' 
water, drilling mud or lubricant m order id optimally provide press urization bf 

20 the pressure chamber 2250 and minimi rp fWHjn n ^ fof reg ■ > 

The second fluidic material May be pumped into the fluid passage 2160 at 
operating pressures and flow rates raiiging, for example, from about 0 ^,500 
psi and 0 to 4,500 gallons/minute. f In a preferred embodiment, the second 
fluidic material is pumped into the fl\iid passa^fe 2160 at operating pressures 

25 and flow rates ranging from about 0 to 3,500 psi and 0 to 1*200 gallons/minute 
in order to optimally pto vide operatibnal efficiency. • V 9 

The second fluidic material pumped irito the fluid passage 2160 passes * 
through the fluid passages 2165, -2170, and 2175 into the pressure chambers 
2195 of the slips 2125, and into the pressure chamber 2250. Continued 

30 pumping of the second fluidic material pressurizes the pressure chambers 2195 
and 2250. ' ^ : r ; 
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, The. pressurization of the pressure chambers 2195 causes the slip - 
members 2205 to expand in the radial direction and grip the<ihterior surface of 
the casing 2155. The casing 2155 is then preferably maintained in a • 
substantially stationary position. 5 . ; . 

5 ; . .r . T £ e pressur^ation pf the pressure chamber 2260 causes the upper 

sealing head 2,130,, puter sealing mandrel 2140 and expansion cone 2150'to 1 ; 
"TOffi.S? ^ direction relative to the casing 2155. In this manner, the ; ' * 
expansion cone 2150 will.cause tibe casing 2155 to expand in the radial 
> diction, .«> , : . • . ,,, ... . . , ; f h ± A , 

10 v . During the radial expansion process, thacasirig 2155 is prevented from 

moving in an upward direction by the slips 2125. A length of the casing 2155 is 
? ,tlien expanded in the radial, direction through the pressurization at the pressure* 
chamber 2250. The length of the casing 2155 that is expanded during tne 
lexpansipn process ^be:prppprtipnal to the stroke length^the upper sealing ' 
46 ^ and expansion c<ine^l50J - w 

* ^ e, ^JJpon the completion of a stroke^ the operatrng pressure of the ^ ¥ 

a Kc fluidic^naterial is reduced and the upper sealing head 2130, outer seal^g - 
^ ^a^dr^ 2140, andexpan^ 4 
^asm^l55 supported hy the expansion .cone 2150. The positiPn ^ df^the^llpipe 
20 ?1Q5 ^P^f^bly ^^mm^t^^-^paA^ process m older to 
^maintain the overlapping relationship between the thin walled sectionM of the 
f lower end of the t existing ^^ 
In a Preferred embodiment,; the stroking,of the expansion cone 2150 is then ' ^ 
repeated, as neces^ until^ thi* walled section 2265 of the upper en#2260' 
25 of the casing2155 is expanded into the thmwaUed section of the lower end of 
the existing wellbore casing. In this manner, a wellbore casing is formed 
mcluding two adjacent ^^sections ; pf ca^mg haymg ar substantiaUy constant ihside 
diameter. This process may then be repeated for the entirety of the wellbore to 
provide a wellbore casing thousands of feet in length having a substantially 
30 constant inside diameter. 

1^ a preferred embodiment, during the final stroke of the expansion cone 
2160, the slips 2126 are positioned. as close as possibfe to th thin walled section 
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2265 of the upper end ^oE the casing 2155 in order minimiie slippage 1 between 
the casing 2155 and the existing wellbore casing at the end of the radial 
expansion process., Alternatively, or in iaddition, the outside diameter of the 
annular sealing member 2270 is selected to ensure sufficient interference fit' 1 
5 with the inside diameter of the lower end of the existing casing to prevent axial 
displacement of the casing 2155 duriiig the final stroke. Alternatively, or in 
addition, the oytside diameter of the annular sealing member 2285 is selected 
to provide an interference fit with the inside walls of the wellbore at an earlier 
point in the radial expansion process so as to prevent further axial displacement 

10 of the casing 2155. In this final alternative, the interference fit is preferably 
selected to permit expansion of the casing 2155 by fulling the expansion cone 
2150 out of the wellbore, without having to pressurize the pressure chamber 
2250. : •. , : . . \ ^vV VJ : < : -'^^ r " ' v v\ e iJ 

* During the radial expansion process, t&e Jpressuriied &*ea& of the ,,u 

15 apparatus 2100 are limited ta the, fluid ^i^ul^'2160/2165;-2l70^ibid 2i75, the 
pressure chambers 219§ within the slips 2125, md the pressure chamber 2250. 
No fluid pressure acts directly on the casing 2155vi lliis permits the use of 
operating pressures higher, than the casing 2155 could normally withstand. 
, Once the casing 2155 has been completely £jq3^tnded off of the expansion 

20 cone 2150, remaining portions of the apparatus 2100 are removed from the 
wellbore. In a preferred embodiment/ the con^ 

deformed thin wall sections and compressible annulkr members of the lower 
end of the existing casingcand the upper end 2260 of the casing 2155 ranges 
from about 500 to 40,000 psi in order to opti^klfy¥iip^rt the casing 2155 

25 using the existing wellbore casing.*/ ■* ? ^t- : < 

In tttys manner, the casing 2155 is radially expanded into contact with an 
existing section of casing by pressurizing the interior fluid passages 2it>0; ; 2165, 
2170, and 2175 and the pressure chamber 2250 of the apparatus 2100. 

In a preferred embodiment, as required, the annular body of hardenatle 

30 fluidic material is then allowed to cure to form a rigid outer annular body about 
the expanded casing 2155. In the; case .where the casing 2155 is slotted, the 
cured fluidic material preferably permeates and envelops the expanded casing 
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2155. ,The residting new section of wellbore casingiincludes the expimded 
casing 2155 ; and therigid outer angular body, The overlapping joint between 
the pre-existing wellbore casing and the expanded casing 2155 includes the < 
deformed thin wall sections and the compressible outer annular bodies. The 
5 inner dianieter ofthe resulting v combined weUbore^casinga is substantially 
constant. In.this. manners -a mono-diameter wellbore casing is formed; This 
process expanding overlapping tubular members having thin wall end 
Portions with compressible annular bodies into contact can be repeated for the 
entire Jength ofa : wellbor^ In this manner, a mono-diameter wellbore casing 
10 can be provided for thousands of feet in a subterranean formation. 

-k> a Preferred embodiment, as the expansion cone 2150 nears the upper 
end of the casing ^^^^ejQp^tmg^lpw rate of the second fluidic material is 
reduced in ojjder tpjmim^ze^hpek to; th0 apparatus 2100. In an alternative 
embodiment, .the apparatus 2100 includes a shock absorber for absorbing the 5 
15 shock createdby the completion of *he : radial expansion^ thecasing 2155. 

In a^preferred embodiment, the reduced operating pressure of the second 
fluidic ^material ranges frqm abQUfelOO^to 1,000 psi as the expansion cone 2130 
nears the end of ^ casing 2155 in order to optimally provide reduced axial 
movement and velocity of the expansion cone 2130: In a preferred embodiment, 
20 the operating pressure of the second fluidic inaterial is reduced during the •'■ 
return s^rolce. of «ie apparatus 2100 to the range df about 0 to 500 psi in order 
nmiimize|he resistanee^Q th© movement of the; expansion cone 2130 during the 
return stroke. In a preferred embodiment, the stroke length of the apparatus * 
2100 ranges from about 10 to 45 feet .in, order to optim^y ^vide equipment 
25 lengths that can be handled by conventional oil welfcrigging equipment while 
also minimizing the frequency at which the expansion cone 2130 must be 1 5 
stopped so that the apparatus 2100 can be refestroked. : . • 

In an ^ternatiye embodiment, at least a portion of the upper sealing 
head 2130 includes an .expansion cone for radially expanding th casing 2155 
30 during operation of the apparatus 2100 in order to increase the surface area of 
the casing 2155 acted hpon during the radial expansion process. In this 
manner, th? ^ operatm&pressures can be reduced. s 
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« Alternatively, the apparatus. 2100 may be used tb join a first section of 
pipeline to an existing section of pipeline. Alternatively, the ap^aratuis 2100 * 
may be used to directly line the interior of a wellbore With a casing, without the 
use r of an outer annular layer of a hardenable material. Alternatively, th£ 
5 apparatus 2100 may be used to expand a tubular support member in 'a hole. c 
M Referring now to Figured 17, 17a and 17b, another embodiment of ail ' 
apparatus, 23QG for expanding a tubular member will* be described. The r 
apparatus 23 0Q preferably includes a drillpipe -2305, atot innerstrihg adapter 1 u 
2310, a sealing sleeve 2315; a hydraulic slip body 2320, Hydraulic slips 2325, an 

10 inner sealing mandrel 2330, an upper sealing head 2335, a lower sealing head 
2340, a load mandrel 2345, an outer sealing mandrel 2350, an expansion! cone 
2355, a mechanical slip body 2360, mechanical 'sHitf2365,"cbfag' blocks !^TO, 
casing 2375, fluid passages 2380i 2^85^ 2390^2395, iT 2400^ 240S, $410, 2415, and 
2485,; and mandrel launcher 2480; . , b + xb: r r t ; ^ 

15 The drillpipe r 2305 is coupled to the imierstxing adapter 23lb. During >J iv 

operation of the apparatus 2300, the drillpipe <2305< Stipports the apparatus v ? 
2300. The drillpipe 2305^preferabl^ comprises substantially holloW tubular i& 
member or members. The drillpipe 2305 may be fabricated from any number o'f 
conventional commercially available.materials such as; for example, biMfeld" " 

20 country tubular goods, low alloy st^l; carbon st^l/ stainless steel or other ' * l * 
similar high strength materials. . In/ a preferred enoiKkliih 

is fabricated from coiled tuittpg in order to fkciliate the placement of thfe J * ? s 
apparatus 2300 in npn-yertical wellbortes.cThe drillpipe 2305 may be cdupled to 
the innerstring adapter > 23 10 using any number of conventional commercially 

25 available mechanical couplings such as, for example, driflpipe connection, 

oilfield country tubular: gpods sp>eaalty threaded connection, or a stiandard ° 
threaded connection. In a preferred embodirrfent, the drillpipe 2305 is 1 
removably, coupled to the innerstring adapter 2310 by a drillpipe connection. 
3 The drillpipe 2305 preferably includes a fluid passage 2380 that is r " 

30 adapted to. cony ay fluidic materials * from a surface location into the fluid 

passage 2385. In a preferred embodiment, the fluid passage 2380 is adapted to 
convey fluidic materials such as, for example, cement; water, epoxy, drilling 
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muds, or lubricants at operating pressures and flow' rates rangirig from about 0 
to 9,000 psi and 0 to 5,000 gaUons/minute in order to optimally provide ? 
operational; efficiency. -.' . - ; ' ' ; '< ■ 

The innerstring adapter . 2310 is coupled to the drill string 2305 and the 
5 sealing sleeye,2315: Thoinn^rstring adapter 2310 preferably comprises a ' 
substantially hollow tubular member or members: The mnerstruig 1 adapter 
2310 may be fabricated from any number of conventional commercially 
available materials such as;.for example, oilfield country tubular goods, low 
& alloy steel, jca|-bon ; steel, stainless steel or other similar high strength materials. 
10 In a preferred embodiment, the innerstring adapter 2310 is fabricated from 
stainless.steel inrQrder to optimally provide high strength, corrosion resistance, 
■•A^v^and low friction surfaces. a*i>~x ". ■- ■ '• ' : 

pmm-'W,; ; ; The innerstring adapter 2310 may be coupled to the cu^ string r 2305 *■' 
« ; using any number pf conventional conimerdaUy avafl 

p ^ suehjas^ for^e^mple^ oilfield coun^ tubular gobds ^ * ^ 

•>•••'• specialty threaded connection, or a standard threaded conneclion. til a'*' 1 ? ^ 
c , , ; preferred embodiment, the innerstring adapter 2M0 is removably cdiipied^ ^ 
W Pipe 2305 by a drillpipe connection. The innerstxmg adapter 2310 may 
be coupled to the sealing sleeve 2315 using any number of 'conventional ; ' < 
20i ^mmercially available mechanic couplings suclil as, for example, a drili^ipe 
- connection, oilfield country tubular goods specialty threaded connection; or a 
^standard threaded ^connection. - a preferred embodiment, the iiuierstring 
adapter,23iq is removably coupled to the seaMg sleeve 2315 by a ste^dard 
threaded connection. «v i.^ -s:--.-.j *v ■ •< . . •■ ' \.-y 

25 The innerstring adapter 2310 preferably includes a fluid passage 2385 

that is adapted to convey fluidio materials frtfcn the fluid passage 2380 into the 
fluid passage 2390. In a preferred embodiment, the fluid passage 2385 is* 
adapted to convey fluidic materials such as, for example, cement epoxy, water, 
drilling mud, chilling gases or lubricante at operating pressures and flow rates 
30 ranging from about 0 to 9,000 psi an'd O to ^ 3,000-gaUons/minUte. 

Th pe^S sleev ej 2315 is coupled to the innerstring adapter 2310 and " 
the hydraulic slip body 2320. The sealing-sleeve 2315 preferably comprises a 

-131- 

' r i SUBSTITUTE SHEET (RULE 26) 



;.WO 00777431 



PCT/EbOO/00245 



substantially hollpW:tubuIar mepaber : or members. »Tke sealing sleeve 23l6 rriay 
be fabricated from, any number of conventional . commercially available v . 
materials such as, for example, oilfield country tubular goodsy^ow alloy steel, 
carbon steel, stainless steel or 9ther similar &igh .strength materials. In a 
5 preferred embodiment, the sealing sleeve 2315 is fabricated from staiitless steef 
in order to optimally provide high strength, corrosion resistance, and low^ ; i 
friction surfaces^ ,, : :v \ . }f: ^ 

The sealing sleeve 2JJ15 may be qaupledvto theinne^tring adapter 2310 
using any number of conventional cpmmercially available niechaiiical coiiplirigs 
10 such as, for example, drillpipe connections, oilfield toimt^-tufeulaf-gdod^ ; 
specialty threaded connections, or a standard tlureaded connection* Itfa * ' 
preferred embodiment, the sealing sleeve 2315 is removably coupled to the 
innerstring adapter 2310 by a standard /threaded con|iectioiir The^ealing sleeve 
2315 may be coupled po the ^ using sifiy nuniber of - 

15 conventional co^ypo^^a 

drillpipe ronneqtion^ ojULBeld co^t^tubiilar goods specialty threaded : 
connection, or astandard threaded connection. In a preferred embodiment; the 
sealing sleeve 2315 is removably coupled to the hydraulic slip body 2320 by a 
standard threaded coimection.. v , : ,>. ^ . . ^ : 

20 ^! he ? eali ^g, sleeye 2315 preferably includes a fluid passage 2390 that 

adapted to convey fluixlic, xna^ei^^|rwBrtb%fliiid passage*2385 into the fluid 
passage 2395. J[n a preferred embodiment, the QUid passage 2315 is adapted to 
convey, fliudi^n^aterials sx^l ap, for example, cement, epoxy/ water, drilling 
mud or lubricants at operating pressures and flow rates ranging frbfti abdut 0 to 
25 9,000 p?i and Q^to 3,000 f gaUon^i^ute. w a> t.'A ^ 4>«Vv ^> 

> The hydratdig : slip body 2320 is coupled to the seaHng sleeve 2315, the 
hydraulic slips 2325, ^4 ,th« inner sealing mandrel 2330. The hydratdic slip 
body 2320 preferably comprises a substantially hollow tubular member or ? 
members- The hydraulic slip body 2320 may be; fabricated from any riunibet of 
30 conventional commercially available materials such as, for example, oilfield 

country tubular goods; low .ajloy ste^l, carbon steel, stainless steel or other high 
strength material. In .a preferred ^mbpdjbnent, the hydraulic slip bddy 2320 is 
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fabricated from carbon steel in order to optimally provide high strength at low 
cost. 

The hydraulic slip body 2320 may be coupled to the sealing sleeve 2315 
using any number of conventional commercially available mechanical couplings 
5 such as, for example, drillpipe connection, oilfield country tubular goods 
specialty threaded connection, or a standard threaded connection. In a 
preferred emb6diment! the hydraulic slip body 2320 is removably coupled to the 
sealing sleeve 2315 by a standard threaded connection. The hydraulic slip body 
232 9ll^, be coupled to the slips 2325 using any number of conventional* -* 
10 commercially available mechanical couplings such as, for example, drillpipe 
connection, oilfield country tubular goods specialty threaded connection 
V , gelding, amorphous bonding or a standard threaded connection. In a Referred 
- ^^diment, the hydraulic slip body 2320 is removably coupled to thWsKps- - 
^ ^^< bv § standa^ threaded connection. The hydraulic slip body 2320^inay be 3 
45 > coupjedto the inner sealnig mano^el 2330 using any number of conventional 
i if Ppmmercially available mechanical couplings such as, for example, drillpipe l: 
•.>: connection, oilfield country tubular goods specialty threaded connection* »• ? 
welo^g^piThous bonding or a standard threaded connection. Inapreferted 
embodiments the hydrauUc slip body 2320 is removably coupled to thelinner 
20 sealing mandrel 2330 by a standard threaded connection.. -» r ' >c 

,, ; The hydraulic slips body 2320 preferably includes a fluid passage 2395 1 
that is | adapted to convey fluidic materials from the fluid passage 2390 into the'f , 
fluid passage 2405. In a preferred embodiment, the fluid passage 2395 is e 
adapted to convey fluidic materials such as, for example, cement, epoxy, water, - 
25 drilling mud or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 psi and 6 to 3,000 gallons/minute. 

The hydraulic shps body 2320 preferably includes fluid passage 2400 thai 
are adapted to convey fluidic materials from the fluid passage 2395 into the 
pressure chambers 2420 of the hydraulic slips 2325. |n this manner, the slips 
30 2325 are activated upon the pressurization of the fluid passage 2395into 

contact with the inside surface of the casing 2375. In a preferred embodiment, 
the fluid passages 2400 are adapted to convey fluidic materials suchas, for 
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example, water, drilling mud or lubrid&nts at operating pressures and flow rates 
ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The slips 2325 are coupled to the outside surface of the hydraulic slip 
body 2320. During operation of the apparatus 2300, the slips 2325 are activated 
5 upon the pressuriiation of the fluid passage 2395 into contact with the inside 
surface of the casing 2375. In this manner, the slips 2325 maintain the casing 
2375 in a substantially stationary position. 

t The slips 2325 preferably include the fluid passages 2400, the pressure. 
chambers 2420^ spring bias 2425, and slip members 2430. The slips 2325 may 
10 comprise any number of conventional commercially available hydraulic slips 
such as, for example, RTTS packer tungsten carbide hydraulic slips or Model 3L 
retrievable bridge plug with hydraulic slips. In a preferred embodiment, the 
slips 2325 comprise RTTS packer tungsten carbide hydraulic slips wailable^ 
from Halliburton Endrgy Services in order to optimally provide resistance to " 
15 axial movement of the casing 2375 during the radial expansion process. ~ :r 
The inner sealing mandrel 2330 is coupled to the hydraulic slip body* 7 
2320 and the lower sealing head 2340. The inner sealing mandrel 2330 1 r " 
preferably comprises 1 a substantially hollow tubular member or members: The 
inner sealing mandrel 2330 may be fabricated from any number of ^mventi^tial 
20 commercially available materials such as, for example, oilfield country 'tufiular 
goods, low alloy steel, carbon steel, stainless steel or other similar hi^i stten^th 
materials. In a preferred embodiment, £he inner sealing mandrel 2330 is 
fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces i • * ■ * v 
25 The inner sealing mandrel 2330 may be coupled to the hydraulic slip 

body 2320 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection, oilfield country tubular 3 
goods specialty threaded connection, welding, amorphous bonding, or a ' 
standard threaded connection. In a preferred embodiment, the inner sealing 
30 mandrel 2330 is removably coupfed to the hydraulic slip body 2320 by a 

standard threaded connection. The inner sealing mandrel 2330 may be coupled 
to the lower sealing head 2340 using any number of conventional commercially 
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available mechanical couplings suchas, for example, drillpipe connection; 
oilfield country tubular goods specialty threaded connection; welding, 
amorphous bonding, or a standard threaded connection. In a preferred : ; 
embodiment, the inner sealing mandrel 2330 is removably coupled to the lower 
5 sealing head .2340 by a standard threaded connection. 

The inner, sealing mandrel 2330 preferably includes a fluid passage 2405 
that is adapted to convey fluidic materials from the fluid passage 2395 into thV 
fluid passage 2415. In a preferred embodiment, the fluid passage 2405 is 
adapted to conyey fluidic materials such as, for example, cement, epoxy, water, 
10 drilling mud, or lubric£*nts,at, operating pressures and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3,000 gallons/minute. ' 

r ? The ; upper sealing head 5 2335 isjcoupled to the outer sealing mandrel 
2345 and expansion cone. 2355. (The upper sealmg.head 2335 is also movably 
coupled to the outer surface of the inner sealing mandrel 2330 and the inner 5 
15 surface of^he easing, 2375 .In this manner* the upp^er* sealing head 2335- •'• - - 
reciprocates, in theaxial direction. The radial clearance between the inner' * 
. cylinc^ical aurface of the upper sealing head 2335 and the outer surface of the 
inner se^g n^6^l;233(^may range, for example, from about 0.002S to 0.05 
inches. In a^eferr^ embodiment, the radial clearance between the inner 
20 cylindrical surface of the up R eriseahng head2335 and the outer surface of the 
inner seahng mandrel 2330-ranges from about 0.005 to 0.01 inches in order to 
optimally provide minimal clearance. The radial clearance between the outer 
cylindrical surface of the; upper sealing head 2335 and the inner surface of the 
casing 2375 may^range,: for example, from about 0;025 to 0.375 inches; In a 
25 preferred embodiment, the radial clearance*etween the outer cylindrical 

surface of the upper sealing head 2335 and the inker surface of the casing 5375 
ranges from about 0.025/ to 0,125 tochesin ord^- te-oplimal^-pi^de 
stabilization for the expansion cone 2355 during the expansion process. 

The upper sealing head 2335 preferably comprises an annular member 
30 having substantially cylindrical inner and outer surfaces. The upper sealing 
head 2335 may be fabricated from any number of conventional commerdally 
available materials such as, fo* example, oilfleld country tubular goods, low 
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alloy ste^l, carbon st^el, stainless steel or other similar high strength materials. 
In a preferred embodiment c the upper sealing head 2335 is fabricated from 
stainless, steel : in order to optimally provide high strength, corrosion tesiistahce, 
and low friction surfapes, , The inner .surface of the upper sealing head'2335 
5 preferably includes one or more annular sealing members 2435 for sealing the 
interface between the upper sealing head 2335 and the iniier sealing tnandrel 
2330 r The sealing members 2435 may comprise any number of conventional ; 
commercially available annular sealing members such as, for example, o-ririgs, 
polypak seals or metal spring energized seals. In a preferred embodiment, the 

10 sealing members 2435 comprise polypak seals available from Parker Seals in u 
order to optimally provide sealing for a long axial stroke. : ^ 

In a preferred embodiment, the upper sealing head 2335 includes a 
shoulder 2440 for supporting t£e upper sealing head- on the lower sealing head' 
. 1930 v . , ■>,- t , • ;^ • . frr." • • - • 

15 The upper sealing head. 2335 may be coupled to tiie bmter sealing 

mandrel 2350 using any number of conventional commercially available ; " 
mechanical couplings such a% for;example, drillpipe connection^ oilfield country r 
tubular goods specialty threaded connection, weldings amorphous bonding, or a 
standard .threaded connection. In a preferred embodiment, the upper scaling 

20 head ,2335 is r^mova^ly coupled to the outer sealing mandrel 2350 by a 

standard threaded connection, ; In a preferred embodirnent, the mechanical ' 
coupling between the upper sealing head 2335 and the outer sealing mandrel 
2350 includes one or more sealing members 2445 for fluidicly sealing the 
interface between the ;\ipper sealing bead 2335 and the outer sealing mahdrel 

25 2350. The sealing members 2445 may comprise any niunber of conventional 
commercially available seeding members such as, for example, 6-rings, polypak 
seals or metal spring energized seals. In a preferred embodiment, the sealing 
members 2445 comprise^polypak seals available from Parker Seals in order to ! 
optimally provide sealing for long axial strokes. 

30 The lower sealing h^ad 2340 is coupled to the inner sealing mandrel 2330 

and the load mandrel 2345. The lower sealing head 2340 is also movably 
coupled to the inner surface of the outer sealing mandrel 2350. In this manner, 
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the upper sealing head 2335 and outer sealing mandrel 2350 reciprocate in the 
axial direction. The radial clearance between the outer surface of the lower 
sealing head 2340 and .jth,e irmer,surface of the outer sealing mandrel 2350 may 
range, for example, from about 0.0025 to 0.05 inches. In a preferred- t 
5 embodiment,, the radial clearance. jbetween the outer surface of the lower .sealing 
head 2340 and the inner surface of the outer sealing mandrel 2350 ranges from 
about 0.^05 to 0.010 inches in order to optimally provide mini™,,? radial 
clearance. 

, f The lower seahng £eadj2340 preferably comprises an annular member 
10 having substantially cylindrical inner and outer surfaces. The lower sealing 
head £340 may be fabricated from any number of conventional commercially : 
available materials such as, for example, oUfield tubular members, low alloy • 
n steel, carboy steel, stainless steel or other similar, high strength matferialsf<jn a 
i 4 Preferred embodknen^. thg lower seah^gneadv 23^0 is; fabricated from stainless 
15 steel in order to pptin^ provide high sttehg^ ^prrosion 
a ^ction|surfaces. The outer surface of the lower sealing head 2340 preferably 
, includes^one or more annular seahngrnepbers 2450 tor sealing the interface 
rr- b,e^ween the lower sealing head 2340 .and the outer sealing mandrel 2350. The 
, .sealing members 2450 may compris<? any number of conventional commercially 
20 available annular sealing members such as, for example, ,0-rmgs. pdlypak seals 
or metal spring energized seals. In a preferred embodiment, the sealing 
members 245p comprise polypak seals available frpm Parker Seals hi' order to 

optimally provide sealing for a long axial stroke, : i. ., . . • 

t The lower sealing head 2340 may be coupled to the inner sealing mandrel 
25 2330 using any number of conyentiqnal commercially available mechanical 
couplings sudias, for example, dnllpipe cqnn«ction, pilfield country tubular 
specialty threaded connection, welding, amorphous bonding, or standard 
threaded connection. In a preferred embodiment, the lower sealing head 2340 
is removably coupled to the inner sealing mandrel 2330 by a standard threaded 
30 connection. ? .|n a preferred embodiment, toe mechanical coupling between the 
lower sealing head 2340 and toe inner sealing mandrel 2330 includes one or 
more seahng members 2455 for fluidicly sealing the interface between the lower 
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sealing head 2340 and the inner sealing mandrel 2330. The siealing mem&ers 
2455 may comprise any number of conventional commercially available sealing 
members siu-h as, for 'example, o-rings, polypak or metal spring energized seals. 
In a preferred embodiment, the sealing members 2455 comprise polypak seals 
5 available froni Parker Seals in order to optimally provide sealihg for a long axial 
stroke length. ; ■ ■ v ' i ' w 

The lower dealing head 2340 may Be coupled to the load mandrel 2345 
using any number of conventional commercially available mechanical couplings 
such as, for example; driUpipe connection, oilfield country tubular goods 
10 specialty threaded connection, welding, amorphous 1 bonding or a standard 
threaded connection. In a prefextfed embodiment, the lower sealing head 2340 
is removably coupled to the load mandrel 2345 by'a stanidard threaded^ " 
connection. In a preferred embodiment, the mechanical coupling between the 
, lower scaling head 2340 and t±te load mandrel 2345 

15 sealing members 246& for "fluidicly sealing the m lower 
sealing head 2340 and the lSad mandrel ^345; Tli^ sealing members 2460 may 
comprise any number of conventional commercially available sealing members 
such as, lor example, o-rings, polypak seals or metal spring energized seals. In a 
preferred embodiment, the sealing members 2460 comprise polypak seals 

20 available from Parker Seals in order to optimaUy ? provide sealing for a long axial 
stroke length. — : ■ 1 v : "" ; r> * ' 

In a preferred embodiment, lower sealing" head £340 includes a throat 
passage 2465 fluidicly coupled betweeh the fluid passages 2405 and 2415. The 
throat passage 2465 iis preferably 1 of reduced size and is adapted to receive and 

25 engage with a plug 2470, or other sikd^ 
: passage 2405 is fluidicly isolated from the fluid passage 2415. In this manner, 
the pressure chamber 2475 is pressurized. 

The outer sealing mandrel -2350 irf coupled t6 the upper sealing head 0 
2335 and the expansion cone 2355C The outer sealing mandrel 2&50 is also 

30 movably coupled to the inner surface of the casing 2375 and the biiter surface of 
the lower sealing head 2340. In this manner, thd upper sealing head 2335, 
outer sealing mandrel 2350; and the expansion cone 2355 reciprocate in the 
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axial direction. The radial clearance between the outer surface of the outer : 
sealing mandrel 2350 and the inner surface of the casing 2375 may range, for 
example, from about 0.025. to 0.375 inches. In a preferred enibbdinietit, the 
radial clearance between the outer surface of the outer sealing mandrel 2350 
5 and the inner sutface of the casing 2375 ranges from about 0.025 to 0.125 

in.order.to ©penally, provide^stabiE^ation for the expansion cone 2355 
during the expansion process. The radial clearance between the inner surface 
of the outer s^almg macdrel 2350 and the outer surface of the lower sealing ' 
head 2340 may range;- forre^ In ; a 
10 preferred embodiment, the ?radialdearance between the inner surface of the 
outer sealing mandrel 2350 and the outer surface of the lower sealing head 2340 
ranges from about 0.005 to 0.010 inches in order to optimally provide nunimaT = 
ch-sar^cejp^/gr^ . . . >••■<: ,•• 

^he-outep sealing m^ 2350 p^ferabVfcomprises an amnular , ; 1 * 
15 member havmgsubstantiaUy cylM and Outer surfaces. Thtfbuter 

sealing mandrel 2350 ^ay be^ricated from any number** conventional 
commercially available materials, such as, for example, low alloy steel, carbon • 
steel, stainless steel or other similar high strength materials. In a preferred " - 
embodimeii^the outer sealing mandrel 2350 is fabrickted from stainless steel"*-'" 
20 in order to opMmaUy. provide high strengaf/corrosibri resistance, ahd low 
friction surfaces. . ' * / ■ %f 

The outer sealing mandrel 2350 may be cbupled : to the upper sealing ; ■* 
head 2335 using anymumber of conventional obinmercially available mechanical " 
couplings>such as, foriexample, «fc-aipipe'cdhnefetibns; dufreld country tubular : 

25 goods specialty threaded connecttdns, welding, amorphous bonding, dr a ' 
standard threaded connection. In a preferred embbdinlent, the Outer sealing 
mandrel 2350 is removably coupled to the upper sealing head 2335 by a ? 
standard threaded connection,, The outer sealing mandrel 2356 may be coupled 
to the expansion cone 2355 using any number of conventional coinmerciaUy 

30 avaflable mechanical couplmgs such as; for exto 

oilfield country tubular goods specialty; threaded connection, welding, u 
amorphous bondin&.or a standard threade^ cbrinection: ^ a preferred ' ' ' 
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embodiment, , thq outer scaling mandrel 2350us~ removably coupled to the 5 
expansion cone .2355. by a stan dard threaded. connection; \:w r- .a \*. 'L 

The upper sealing head 2335, the lower sealing head 2340, the imier • 
sealing mqndrel 2330, and the outer sealing mandrel 2350 together define a* * 
5 pressure chamber 2475. The pressure chamber 2475 is fluidicly coupled W the ; 
passage 2405 via one or more passages -2410; During operation f of the apparatus 
2300, the phjg 24 7Q engages with the throat passage 2465 to fluidicly isolate tffe 
fluid passage 2415 from the fluid passage 2405. This pressure chamber 2475 is 
then pressurized which in turn causes the upper sealing head -2335, outer 
10 sealing mandrel 2350* anci expansion cone 2355 to reciprocate in the axial '? 
direction. The axial motion of the expansion cone 2355 in turn -expands the ' 7 
casing 2375 in the radi^ direptioii. ^ 1 ^ * 's> : z> - 

The load mandrel 2345 is coupled to the lower sealing head 2340 and the 
mechanical slip body 2360. Theloa^d jnandrel 2345 preferably comprises an 
15 annular men&erhavm^ 

load mandrel £$45 may f^ijbted from any hiunber of conve^Mal < ^ ^ 
commercially available materials such as, foe example, oilfield dountr^r tubular • 
goods, low aUoy st^li C^boti steel, stainless steel or other similar high strength 
materials. Iji ^preferred embodiment, the load mandrel 2345 is fabricated from 
20 stainless steel in order to optimally ^ ppqyide Mgb?strehgth, corrosion resistfeuice; 
and low friction surfaces. ? ^ 

. The lpa4 mandrel 234§- p^y fee rooupled to the lower sealing head 2340 
using any number of conventional commercially available mechanical couplings 
such ast, for example,, driUpipe x^n^ection, oilfield coxmtxy tubular goods 
25 specialty ttoeaded conne^oi^ 

threaded connection. In a preferred embodiment, the load mandrel 2345 is 
removably coupled to the lower sealing head 2340 by a standard threaded 
connection. The Jpad m^dr^2345 may vbe. coupled to the mechanical slip body 
2360 using any number of conventional commercially available mechanical 
30 couplings such as, for example, drillpipe connection, oilfield country tubular ;V 
goods specially threaded connection, welding, amorphous bonding, or a ' ' 
standard threaded connection.., In a preferred embodiment, the lbad mandrel' 
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2345 is removably coupled, to the mechanical slip body 2360 by a standard 
threaded connection. • - .v ./.,,, - _ ■ ■ - 

The load mandrel 2345 preferably includes a fluid passage 2415 that is 
adapted to convey fluidic materials from, the fluid passage 2405 to-the region 
5 outside of the apparatus 2300..; In a preferred embodiment, the fluid'passage 
2415 is adapted to convey fluidic materials such as, for example, cement, epoxy, 
water, drilling mud or lubricants at operating pressures and flow rates ranging - 
from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

. . iTheiexpansion cone 2355 is coupled to ihe outer sealing mandrel 2350. " * 
10 The expansion cone 2355 is also movably coupled to the inner surface of the 
casing 2375. In this manner, the upper sealing head 2335, outer sealing 
i ma^dreJ 2350, and the expansion cone 2355 reciprocate in the axial direction. 
*.•->.; reriprocatipn of the expansion cone, 2355 causes the casing 2375 to expand' * 
■-• m-^iBiradraH'dnpe^n^^s .-~v v. k.>, V o'(. •• . i >r ■■}■■•■ ;i »--.»• •• L 
• I 5 ;. , ^jTheiexpansion cone 2355 preferably comprises ah aimular member * " ** •«'. 
having substantially cylindrical inner and conical outer surfaces. The outside 
radius of the outside conical surface may range, for example, from about 2 to 34 
inches. In a preferred embodiment, the outside radius of the outside conical 
.surface ranges from about 3 tQ^ 28 inches in orderitooptamaUy provide radial 
20 expansion of the typical casings. .Thejaxial lengttfof.the expansion cone2355 ' 
; jnay^range, for example, frpin about.2 to.8 times the largest outeide diameter of' 
the expansion cone 2355. In a. preferred embodiment, the axial length bfcthe 
expansion cone, 2355 ranges from about 3 to 5 times .the largestioutside' *~ 
tpW&BrMQ** expansion .cone 2o^5^ in ordet:to optimally provide stability and 
25 centralization of the ,expansio& cone 235& during the expansion process. In a 
preferred embodiment, the .angle of attack of the expansion cone 2355 ranges 
from about 5 to ,30 degrees in order to optimally frictional forces with radial 
expansion forces. The .optimum, angle of attack of the expansion cone 2355 will 
vary as a function of the operating, parameters of the particular expansion 
30 operation. . 

The expansion bone 2355 may be fabricated from any number of 
conventional commercially available materials such as, for example, machine 
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tool steel, nitride ^teel;. titanium, tungsten cafbicfe, ceramics or other similar 
high strength materials. In a preferred embodiment, the expansion Cone 2355 
is fabricated from D2 machine toolsteel'in order to optimally provide high 
strength; abrasion resistance, and galling resistance* 111 a particularly preferred 
5 embodiment,- the oiitsidesurface of the expansion cbhe 2355' has a surface^ 
hardness ranging from about'58 to 62 Rockwell C ili- order- to dptiniaUy provide 
high sjbrength, abrasion resistance, resistance to -galling: ;i - * !// 

The expansion cone 2355 may be coupled to the outside sealing mandrel 
2350: using any* number of conventional commercially available mechanical 

10 couplings suc&as, for example drillpipe connection, oilfield cbimtfy ' tiibuliai:' 
goods speciialty threaded connection, welding, amoiphbtis bonding, or a J J 
standard threaded connection. In a preferred i embodiment; the expansion cone 
2355 is coupled to the outside sealing mandrel 235CT using a standard threaded * 
connection in order to optimally provide high strength and permit the ; * } r ^ { 

15 expansion cone 2355 to be easily? replaced^ *•< ; r -"x v -~ x.q r * ^ ■ 

: .The mandrel launcher 2480 is coupled to *the casing 2375. The mandrel 
■ launcher. 2480 comprises a tubular section of casing having a reduced wall- 
thickness compared to the casing 2375. In a preferfed embodiment, the wall ' 
thickness of the msndrel launcher 2480 is abtftit 5$ to 100 % J of the wall • 

20 thickness of the casing 2375. Ill this- manner, the initiation of the radial ^ 
expansion, of the casing 2375 is facilitated, and the placement of the apparatus 
2300 into a wejlbore casing and welfoore is facilitated: ^ " ' ? > 

The mandrel launcher, 2480 -may be Coupled to the casing 2375 using any 
number of conventional mec4i^ical (^uplMgsVv The mandrel lauridier 2480 may 

25 have a wall thickness ranging, for example, from aboiit 0,15 to 1.5 inches. In a 
preferred embodiment, the wall thickness of the mandrel launcher 2480 ranges 
from about 0.25 to 0.75 inches in order to optimally provide high strength in a 
minimal profile. The mandrtel launcher 2480 may be fabricated from any 
number of ^conventional commercially available materials such as, for example, 

30 oilfield tubular goods, low alloy steel, carbon steel, stainless steel or other 
similar high strength materials. In a preferred embodiment, the mandrel 
launcher 2480 is fabricated from .oilfield tubular goods having a higher strength 
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than that of the casing 2375 but with a smaller wall thickness than the casing- 
2375 in order to optimally provide a thin walled container having approximately 
the same burst strength as that of the casing 2375. , 

. The mechanical slip body 2460 is. coupled to the load mandrel 2345, the 
5 mechanical slips 2365, and the drag blocks- 2370,, .The mechanical slip body = 
2460 preferably comprises a tubular member having an inner passage 2485 
fluidicly coupled to the passage 2415. In this manner, fiuidic materials may be 
conveyed from the passage 2484 to a region outside of the apparatus 230Q. 

The mechanical slip body 2360 may be coupled to the load mandrel 2345 
10 using an^ number of convention^ me<fcanical couplings. In a preferred 
embodiment, the mechanical slip body 2360 is removably coupled to the load 
^ mandrel 2345 usmg threads and. shding steel retaining rings iniorder to» 
op^^y prowde a high s<r ength attachment The mechanical sUp bddy-2S6^ 
may be coupled to the mechanical slips 2365 using any niunberzof cbnventibrial ' 
¥> ^echam^ ,, ; 

^ 2360 is removably coupled to the mechanical slips 2365 using threads ahd * V-< 
shding steel retaining i^gsin order to Optimally provide a high strength - 
attachment The mechanical slipbody 2360 may be coupled to the drafblbeks 
2370 usnig any number of conventional mechanical couplings. In a preferred ^ 
20 embodiment, the mechanical shp body 2360 is removably coupled to the drag - >• 
blocks 2365 using threads and sliding steel retaining rings in order to optimally - 
provide^ high strength attachment. , , .. t „ 

The mechamc^ shps 2365 ^ 
mechanical slip body 2360. During ppera^ of the apparatus 2300, the 
25 mechanical slips 2365 prevent upward.movement of the casing 2375 and 

mandrel launcher 2480. In. this manner, during theaxial reciprocation of the 
expansion cone 2355, the casing 2375 and mandrel launcher 2480 are 
maintained in a substantially stationary position. In, this manner, the mandrel 
launcher 2480 and casing 2375 are expanded in the radial direction by the axial 
30 movement of the expansion cone 2355. 

The mechanical, slips 23,65 may comprise any number of conventional 
commercially available mechanical slips such as, for example, RTTS packer 
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tungsten carbide mechanical slips, -RTTS packer wicker type mechanical slips or 
Model 3L retrievable bridge <phig tungsten carbide upper mechanical slips. In a 
preferred embodiment, the mechanical slips 2365 comprise RTTS packer 
tungsten carbide mechanical slips available from Halhburton Energy Services 
5 in order to optimally provide resistance to axial movement of the casing 2375 
during the expansion process: f 1 L 

The drag blocks 2370 are coupled to the outside surface of the ' 1 
mechanical slip body 2360. During bperatibn of the apparatus 2300, the drag 
blocks 2370,prevent upward movement of the casing 2375 and mandrel 
10 launcher 2480. In this manner, during the axial reciprocation of the expansion 
cone 2355, the casing 2375 and mandrel launcher 2480 are maintained in a 
;.. substantially stationary position. In tfiis manner, the mandrel launcher 2480 
: and casing 2375 are expanded in the radial direction b^ the axial movement of 
;/the expansion cone 2355. s.^- \ ^ ; ->< ^-- : v;v:u-, ^•W:* .•..?v.- r ^ r^.--'- 
15 v The drag blocks 2370 may comprise any niunber of conventional 
commercially available mechanical slips such ias ■ for example, RTTS packer 
mechanical drag blocks or Model 3L retrievable bridge plug drag blocks. In a 
preferred embodiment, the drag blocks 2^370 comprise RTTS packet mechanical 
drag blocks available from Halliburton Energy Services in otder to optimally 
20 provide resistance to axial movement'of the/ casing 2375' during the expansion 
process; . >. - - . • : ■ • : • " ' ? ■ ' : - ■' 1 . 7* - ,■ " 

The casing 2375 is coupled to the mandrel launcher 2480. The casing 
2375 is further removably coupled to the mechanical slips 2365 and drag blocks 
2370. The casing 2375 preferably comprises' a tubular member. The casing 

25 23 75 may be fabricated from any nuriibef of conventional commercially 

available materials such as, for example, slotted tubulars, oil cbuntry tubular 
goods, carbon steel, low alloy steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the casing 2375 is fabricated from 
oilfield country tubular goods available from various foreign and domestic steel 

30 mills in order to optimally provide high strength. In a preferred embodiment, 
the upper end of the casing 2375 includes one or m' r sealing inembers 
positioned about the exterior of the casing 2375. 
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During operation, the apparatus 2300, is positioned in a wellbore with the 
upper end of the casing 2375 positioned in an overlapping relationship within 
an existing wellbore casing. In order minimize surge pressures within the; 
borehole during placement of the apparatus 2300, the. fluid passage 2380 is 
5 preferably provided with one or : more pressure relief passages. /During the • 
placement of the apparatus 2300 in the wellbore, the casing 2375 is supported 
by the expansion cone 2355. ( . . . < 

After positioning of the apparatus 2300 within the bore hole in an 
overlapping relationship with an existing section of wellbore casing, a first < ■> 
10 fluidic material is pumped into the fluid passage 2380 from a surface location. 
The first fluidic material is conveyed from the fluid passage 2380 to the fluid 
passages 2385, 2390-2395, 2405, 2415, and 2485. The first fluidic material will 1 
then exit the apparatus 2300 and ffll the annular region between the outside of 
the apparatus 2300 and the interior walls of the bore hole. ? 
15 Tl^e first fluidic material may, comprise any number of conventional - 

wnunerqiajly available materials such as, for example* epoxy, driUing mud, siag " 
mix, cement, or water. In a preferred embodiment, the first fluidic material 
comprises a hardenable fluidic sealing material such as, for example, slag mix, 
epoxy, or cemen^ .Ip this manner, a wellbore casing having an outer annular 
20 layerof ahaxdenableima^ , ..." 

The J^ flmdic Burial may be pumped into the apparatus 2300 at 
operating pressures and flow rates ranging, for example; from about 0 to 4,500 
psi, and 0 to 3,000 gaUons/imnute, In a prefen^ 

material is pumped into the apparatus 2300 at operating pressures and flow 
25 rates ranging from about Q to 3,500 psi and 0 to 1;200 gaUons/minute in order 

to optimally provide operational efficiency. 

At a predetermined point in the injection of the first fluidic material such 

as, for example, after the annular region outside of the apparatus 2300 has been 

filled to a predetermined level, a plug 2470, dart, or other similar device is 
30 introduced into the first fluidic material. The plug 2470 lodges in the throat 

passage 2465 thereby fluidicly isolating the fluid passage 2405 from the fluid 

passage 2415 v 
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After placement of the plug 2470 in' the throat passage ^2465, a second 
fluidic material is pumped into the fluid passage 2380 in order to pressurize the 
pressure chamber 2475. The second fluidic material may comprise any number 
of conventional commercially available materials such as, for example, water, 
5 drilling gases, drilling mud Sr -lubricants. In a preferred embodiment, the 
second fluidic material comprises a non-hardenable fluidii: material such as, for 
example, water, drilling mud or lubricant. 

The second fluidic material may be pumped into the apparatus 2300 at 
operating pressures and flow rates ranging, for example, from about 0 to 4,5t>0 

10 psi and 0 to 4,500 gallons/minute. In a preferred embodiment, the second 
fluidic material is pumped into the apparatus 2300 at operating pressures and 
flow rates ranging from about 0 t6 3;500 psi and 0 to 1,200 gallons/minute in v --^ 
order to optimally provide operational efficiency. ^ ■■■■^::u;y 
vv. The pressurizatidn of the presstire chamber 2475 ckuses the upper ^ ^ T ^ 

15 sealing head 2335, outer sealing tnahdrel 2350; and expansion cone 2355 to 
mover in an axial direction. ' The pressurization of the pressure chamber 1 2475 
also causes the hydraulic slips 2325 to expand in the radial direction and hold 
the casing 2375 in a substantially stationary position. Furthermore, as th^ ' - N 
expansion cone 2355 moves in the axial direction, the expansion cone 2355 pulls 

20 the mandrel launcher 2480 and drag bldbks 2370 along, whicli sets the 

mechanical slips 2365 and stops further axial movertient of the mandrel r 
launcher 2480 and casing 2375. In this manner, the axial movement of the u 
expansion cone 2355 radially expands the mkndrel launcher 2480 and casing ■ 
2375. • - - ' ' ' ' : " ; ' 

25 Once the upper sealing head 2335; butter sealing mandrel 2350, ami 

expansion cone 2355 complete an axial stroke, the operating pressure of the 
second fluidic material is >r educed. The reduction in thie dperating pressure of 
the second fluidic material releases the hydraulic slips 2325. The drill string 

i 

2305 is then raised. This causes the inner sealing mandrel 2330, lower sealing 

... ' ■ ' .* • o 

30 head 2340, load mandrel 2345, and mechanical slip bddy 2360 to move upward. 

This unsets the mechanical slips 2365 and permits the mechanical slips 2365 

and drag blocks 2370 to be moved within the mandrel launcher 2480 and casing 
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2375. When the Ipwer. sealing head 2340 contacts the upper sealing head 2335, 
the second fluidic material is again pressurized and the radial, expansion process 
continues. In this manner, the mandrel launcher 2480 and casing 2375 are 
radial expanded through repeated axial strokes of the upper sealing head 2335, 
5 outer sealing mandrel 2350 and expansion cone 2355. Throughput the radial 
expansion process, the upper end of the casing 2375. ^ prefei^ly maintained in 
an overlapping relation -vyith an existmg sectiqn of wellbore casing. 

At the end of the radial expansion process, the upper end of the casing 
2375 is expanded into intimate contact with the inside surface of the lower end 
10 of the existing wellbore casing. In a. preferred embodiment, th«? sealing 
members provided at the upper end of the casing 2375 provide a fluidic seal , 
between t^e outside surface of the upper end of the casing 2375 and the inside 
«ia surface of tiie lower end of the existing wellbore casing. In a preferred 
, ir embotoen^^e co^ 
JL5 sw^onofweUborecasmg 

optimally provide rantact pressure, ac^ and 
withstand typical tensile and compressive loading, conditions. .-; • \ , , , : r 

•s» In a preferred ernbodiment, as the expansion , cone 2355 nears the upper 
en<^ of ttie casing 2375, Jiie operating pressure of the second fluidic material is 
20 .F^ced ^ order to minimize shock to^the apparatus 2300. Jn an alternative - ; , 
®™ b9< ¥ ment ' apparatus 2300 includes a shock . absorber for absorbing the 
shock created by the completion of the radial expansion of the casing 2375. 

ba a preferred embodiment, the reduced operating pressure of the second 
fluidic material ranges from about 100 to 1,000 psi as the, expansion cone 2355 
25 nears the end of the casing 2375 in order to optimally provide reduced axial 
movement and velocity of the expansion cone 2355. In a preferred embodiment, 
the operating pressure, of the second fluidic material is reduced during the 
return stroke of the apparatus 2300 to the range of abput 0 to 500 psi in order 
inmimize the resistance to the movement of the expansion cone 2355 during the 
30 return stroke. In a preferred embodiment, the stroke length of the apparatus 
2300 ranges from about lO.to 45 feet in order to optimally provide equipment 
that can be handled by typical oil well rigging equipment and mmimize the 
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frequency at which" the expansion cone 2355 must be stopped 4 to permit the 
apparatus 2300; to be re-stroked. "*'"' 

: In an sQterriative enabadiment, at least a portion of the upper sealing 
head 2335 includes an expansion cone for radially 6xpakding the mandrel 
5 launcher 2480 and casing 2375duringbperation : b>f this apparatus 2300 in order 
to increase the surface area of the casing 2375 ' acted upon during the radial 
expansion process. In ttlis inanner, the operating pressures can be reduced. 

' In an alternative embodiment, mechanical slips 2365 are positioned in an 
axial location between the sealing sleeve 2315 and the inner sealing mandrel 

10 2330 in order to optimally the construction and operation of the apparatus 
2300. " ,; 

Upon the complete radial expansion of the casing 2375, if applicable, the - 
first fluidic material is permitted to cure wthin the annular region between the 
outside of t&e expanded casing 2375 and the in!tenor walls 6"f the wellbore. ^In ^ 

15 the case SArheref the c^ing\ 2375 l^slotteii, the ! ciijp^fli£ldic n^feri^ prtfer^iy - : 
permeates $nd envelops^this expanded casing 23iSJ In this manner, a hew W ) 
section of wellbore casings is fdnhed within a wellbore. Alternatively, the * r> 
apparatus 2300 may b6 xised to jbin a first section of pipeline to an existing 
section of pipeline. ^Alternatively, the apparatus 2300 may be used to directly 

20 line the interior qf a we&bore with a caking, without the use of ah outer annular 
layer of a hardenable material. Alternatively, the apparatus 2300 may be used 
to expand a tnbular sup^rt member in^a 

During the radial exp»ahsion process, tie pres^ of the 

apparatus 2300 ai*a lii^it^cf to tfae 'flixici passages 2380, 2385; 23$0, 2395, 2400, 

25 2405, and 2410, and the pres^xife chamber 2475. No fluid pressure ac^ directly 
on the mandrel launcher 2480' and casing 2375. This permits the use of ? 
operating 1 pressures higher than the mandrel launcher 2480 and casing 2375 
could normally withstand; 1 1 . v - 

Referring'How to Figure 18, a preferred embodiment of an apparatus 

30 2500 for forming a tnono-diaih ter wellbore casing will be described! The 
apparatus 2500 preferably includes a drillpipe 2505, an innerstring adapter 
2510, a sealing sleeve 2515, a hydraulic slip body 2520, hydraulic slips 2525, an 
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inner sealing rnandxel : 2530, upper sealing head 2535, lower sealing head 2540; 
outer sealing mandrel 2545, load mandrel 2550, expansion cone 2555, casing 
2560, and fluid passages 2565, 2570, 2575, 2580, 2585; 2590, 2595, and 2600. 
The drillpipe 2505Js coupled to the mnerstring adapter 2510; During 
5 operation of the apparatus 2500, the drillpipe 2505 supports the apparatus 
2500. The dri|lpipe 2505 preferably comprises a substantially hollow tubular 
member or members,, Tqhe drillpipe 25Q&may,be fabricated from any number of 
conventional CMmnerdally available materials such as, for example, oilfield 
, ; s country tubular goods, low alloy steel, carbon steel, stainless steel or other 
10 similar high strength materials. In a preferred embodiment, the drillpipe 2505 

is fabricated from coiled tubing in order to faciliate the placement of the 
># apparatus 2500, in,non : yertical weJlbores.^The dpillpipe 2505 may be coupled to 
i ,,the Wfratx^axlap&,251Qpamg.upy number^of conventional coinmeVcially 
^.available mechanical couplings such as, fqrrexample, drmpipe connection, 
15 ,.oilfield.country. tubular goods specialty threaded connection; or a standard 
threaded connection. In a preferred embodiment;: the drillpipe 2505 is - > 
removably <*>upled to the,innerstring adapter 2510 by a drillpipe connection, a ; 
drillpipe connection provides the advantages oftfcigh strength and easy 
. disassembly.. .. . .. ,. . t ; ; .•• 

20 The drillpipe 2505 preferably includes a fluid passage 2565 that is 

adapted to convey fluidic materials from ^surfacevlbcatioa into the fluid 
passage 2570. a preferred, embodiment, the fluid passage 2565 is adapted to 
(»nveyflmdip materia^ 

mud, or lubricants at operating pressures and flow rates ranging from about 0 

25 to 9,0^ psi and 0 to 3,00^ gaUpns/imnute, 

Th r ^^^WS ad ?P ter 2510 is coupled to the drill string 2505 and the 
sealing sleeve 2515. The innerstring adapter 2510 preferably comprises a 
substantially hollow tubular member or members. The innerstring adapter 
2510 may be fabricated from any number of conventional commercially 

30 available materials such as, for example, oilfield country tubular goods, low 
alloy steel, carbon steel, stainless steel or other similar high strength materials. 
In a preferred embodiment, the innerstring adapter 2510 is fabricated from 

- 149 - 

SUBSTITUTE SHEET (RULE 26) 



\vo 90/7743.1 



PCT/DL00/00245 



stainless steel in .order to optimally provide high strength, corrosion resistance, 
and low friction surfaces; • • , .... 

The mnerstring adapter 25 10 may be coupled to'the drill string 2505 
using any number of conventional commercially avafladble mechanical couplings 
5 such as, for example; cuiUpipe conn^ 1 
specialty type threaded connection or a standard threaded connection. In a 
preferred embodiment, the innerstring adapter 2510 is removably 'coupled to ' 
the drill pipe 2505 by a driilpipe connection. The innerstring adapter 2510 may 
be coupled to the sealing sleeve 1 2515 using any number of ^^conventional 
10 commerciaUy available mechanical couplings such as/for example, driilpipe ' 
connection, oilfield country tubular goods specialty type threaded connection, 
ratchet-latch type threaded connection or a standard ^threaded 'connection'. In a 
preferred embodiment, the ^ innerstring adapter 2510 is^emovably coupled to 
the sealing sleeve 2516; fag a standard threaded cdnnecti oh . J . r v n 

15 The umerati^g *idapter£510 preferably includes 4 a fluid ^a^ 

that is adapted to convey fluidic materials from the fluid passage 2565' into the 
fluid passage 2575. In a preferred emtooUmen Vthe fluid passage 2570 is 
adapted to convey fluidic materials suelras, for^example, cement, epoxy, water, 
drilling mud or lubricants at operating pressures and flow rates ranging from 
20 about 0 to 9,000 psi and, 0 to 3*000 gallons/minute. ; f : ' 

The sealing sleeve 2515 is coupled to the innerstring adapter 2510 and 
the hydraulic sup bpdy 2520 r The sealing sleeve 2515 preferably comprises a 
substantially hollow tubular member or members.' The sealing sleeve 2515 may 
be fabricated from any number of conventional 
25 materials such as, for example, oilfield coutitiy tubular goods/low alloy steel, 
carbon steel, stainless steel or other similar high strehgtn materials; In a 
preferred embodiment, the sealing sleeve 2515' is fabricated from stainless steel 
in order to optimally provide high strength, corrosibn resistance, and low- ' 
friction surfaces. - : - . 

30 The sealing sleeve 2515 may be coupled to the innerstring adapter 2510 

using any number of conventional commercially available mechanical couplings 
such as, for example, driilpipe connections, oilfield country tubular goods 
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specialty type threaded connection, ratchet-latch type threaded connection, or a 
standard threaded connection. In a preferred embodiment, the sealing sleeve 
2515 is removably coupled to the innerstring adapter 2510 by a standard 
threaded connection. The sealing sleeve 2515 may be coupled to the hydraulic 
5 slip body 2520 using any number of conventional commercially available 

mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection, or a standard threaded connection. Irj a preferred embodiment, the 
sealing sleeve 2515 is removably coupled to the hydraulic slip body 2520 by a 

10 standard threaded connection. 

f*he seialing sleeve 2515 preferably includes a fluid passage 2575 that is 
adapted to convey il iridic materials from the^fluid passage 2570 into the fluid 
passage 2580/ In a preferred embodiment, the fluid passage 2575 is adapted to 
convey fluidic materials such as, for example, ^ccaiiOT water, drilling 

15 mud or lubricants at operating pressures and flow rates ranging from about 0 to 
9,000 psi and 0 to 3,000 gaUons/minute;- k " 

The hydraulic slip body 2520 is coupled to the sealing sleeve 2515, the 
Hydraulic slips i2525, and the inner sealing mandrel 2530. The hydraulic slip 
body 2520 preferably comprises a substantially hollow tubular member or 

20 members. The hydraulic slip body 2520 may lie fabricated from any number of 
conventional commercially available materials such as; for example, oilfield 
country tubular goods, low "alloy steel, carbon steel, stainless steel or other 
similar high strength materials. In a preferred embodiment, the hydraulic slip 
body 2520 is fabricated from carbon steel in order to optimally provide high 

25 strength. 

The hydraittfc slip body 2520 may be coupled to the sealing sleeve 2515 
using any number of conventional commercially available mechanical couplings 
such as, for exaniple, drillpipe connection, oilfield country tubular goods 
specialty type threaded connection, ratchet-latch type threaded connection or a 
30 standard threaded connection. In a preferred embodiment, the hydraulic slip 
body 2520 is removably coupled to the sealing sleeve 2515 by a standard 
threaded connection." The hydraulic slip body 2520 may be coupled to the slips 
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2525 using any number of conventional commercially available mechanical 
couplings such as, for example, threaded connection or welding. In a preferred 
embodiment, the hydraulic slip body 2520 is removably coupled to the slips 
2525 by a threaded connection. The hydraulic slip bociy 2520 may be coupled to 
5 the inner sealing mandrel 2530 using any number of conventional commercially 
available mechanical couplings such as, for example, drillpipe connection, 
oilfield country tubular goods specialty type threaded connection, welding, 
amorphous bonding or a standard threaded connection. In a preferred 
embodiment, the hydraulic slip body 2520 is removably coupled to the inner 
10 sealing mandrel 2530 by a standard threaded connection 

The hydraulic slips body 2520 preferably includes a fluid passage 2580 
that is adapted to convey fluidic materials from the fluid passage 2575 into the 
fluid passage 2590. In a preferred embodiment, the fluid passage 2580 is 
adapted to convey fluidic materials such as, for example, cement, egagy, water, 
15 drilling mud or lubricants at operating pressures and flow rates ranging from 
about 0 to 9,000 psi and 0 to 3,000 gallons/minute. 

The hydraulic slips body 2520 preferably includes fluid passages 2585 
that are adapted to convey fluidic materials from the fluid passage 2580 vato the 
pressure chambers of the hydraulic slips 2525. In this maimer, the slips ,2525 
20 are activated upon the pressurization of the fluid passage 2580 into contact 

with the inside surface of the casing 2560. In a preferred embodiment, the fluid 
passages 2585 are adapted to convey fluidic materials such as, fo^ example, 
water, drilling mud or lubricants at operating pressures and flow rates ranging 
from about 0 to 9,00d psi and 6 to 3,000 gallons/minute. 
25 The slips 2525 are coupled to the outside surface of the hydraulic slip, 

body 2520. During operation of the apparatus 2500, the slips 2525 are activated 
upon the pressurization of the fluid passage 2580 into contact with the inside 
surface of the casing 2560. In this manner, the slips 2525 maintain the casing 
2560 iix a substantially stationary position. 
30 Th slips 2525 preferably include the fluid passages 2585, the pressure 

chambers 2605, spring bias 2610, and slip members 2615. The slips 2525 imiy 
comprise any number of conventional commercially available hydraulic slips 
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such as, for example/ RTTS packer tungsten carbide hydraulic slips or Model 3L 
retrievable bridge plug with hydraulic slips. ' y Iia a preferred embodiment, the 
slips 2525 comprise RTTS packer tungsten carbide hydraulic slips available 
from Halliburton Energy Services in order to optiihally provide resistance to 
5 axial? movement of thb casing 2560 during the expansion* process. 

The inner sealing mandrel 2530 is coiipited to the hydraulic 61ip body 
2520 and the lowfer scaling head 2540. The inner sealing tnandrel 2530 
preferably comprises a substantially hollow tubular member or members! The 
inner sealing mandrel 2530 may be fabricated from any number of conventional 

10 commercially available materials such as, for example, oilfield country tubular 
gaods; low alloy steel, darbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the inner sealing mandrel 2530 is 
fabricated from staixdess steel in order to' Optimally provide high strength, ' 
corrosion resistance, and 16w f fridifoh surfaces: ' r> '- ; '• " " v u 

15 , The inner sealing' maridrel 2530 may lie coupled to the hycfrai^c sUp ^^^^^^ ^ x 

body 2520 using any number of conventional commercially available mechanical 
couplings such as,- for example; drillpipe connection, oilfield country tubular ; 
goods specialty type threaded connection, welding, amorphous bonding, or a 
s tan dard threaded connection. In a preferred embodiment, the inner sealing 

20 mandrel 2530 is removably coupled to the hycfratilic slip body 2520 by a 

standard threaded connection. The iiiner sealing inancfrel 2530 may be coupled 
to the lower sealing head 2540 using any number of conventional comiafercially 
available mechanical couplings such as, for example, oilfield country tubular ' 
goods specialty type threaded connection, drillpipe' connection, welding, 

25 amorphous bonding/' or a standard threaded connection. In a: preferred 

embodiment, the inner sealing mandrel 2530 is removably coupled to the lower 
sealing head 2540 by a standard threaded connection. " 

The inner sealing mandrel 2530 preferably includes a fluid passage 2596 
that is adapted to convey fluidic materials from the fluid pkssagie 2580 into the 

30 fluid passage 2600. In a preferred embodiment, the fluid passage 2590 is 

adapted to convey fluidic materials such as, for example, cement, epoxy, water, 
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drilling jnud or lubricants atj operating pressures and flow rates ranging from 
about Oto 9,000 psi and 0 tp 3,000 gallons/minute. i 

The upper scaling head, 2535 is coupled tp the outer sealing mandrel ' 
2545 and expansion cone ?555. The upper sealing bead 2535 is also movably 
5 coupled to the outer surface of th^ inner sealing mandrel 2530 and the inner > 
surface of the casing 2560. In this manner, the .upper sealing head 2535 
reciprocates in the axial direction.: The radial clearance between the inner 
cylindrical surface of the upper sealing head 2535 and the outer.surface of the 
inner sealing mandrel 2530 m#y range, for example, from about 0.0025 to 0.05 
10 inches. In a preferred embodiment, the radial clearance between the inner 
cylindrical surface of the upper sealing head 2535 and .the outer surface of the 
inner sealing^mandrel 2530 range^ from about 0.005 to Q.Q1 inches in order to 
optimaUy provide minimal r^ cle^ranq^. The radial clearance between; the 
outer^ylindncal|surface of the upper sealing he^d 2535 audi the inner Surface iaf^ 
15 the casing 2560 may r^ example, from about Q 025 to 0-375 inches. In a ^ 

prrfeped embodiment clearance between the outer, cylindrical - ; ^ ^ 

surface of the: upper; sealing ^ad 2535 apd the innisr- surface of the casing 2560 
ranges fron^ about 0*025 to 0. 125 inches in order ; to optimally provide * ^ ^ ^ 
stabil^atdon fpr the^ the expansion process: :<.-\-:'~-xm 

20 The up^r?sesding head 2535 preferably, comprises an annular member 

having sijbstantiaHy^ snciouter surfaces. The upper sealing ^ - 

head 2535 may be fabncat^ 4 from number of conventional commercially 
available materials such,$s, ^^sunple, oilfield country tubular goods, ow alloy * 
steel, carbon steel, stainless . sjteel or other similar high strength materials. In a 
25 preferred ^nbodime^t, the, upper sealing l*ead 3535 is fabricated &6m steinless 
steel in order to optimally provide Ijigh strength, corrosion resistance, and low 
friction surfaces. Tile inner surface of the upper sealing head 2535 preferably 
includes one or more, annular sealing members 2620 for sealing the interface 
between the upper sealing head 2535 and the inner sealing mandrel 2530. The 
30 sealing members ,2620 may comprise any, number f conventional commercially 
available annular sealing members such as, for example, brings, polypak seals, 
or metal spring energized seals. In a preferred embodiment, the sealing 
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members 2620 comprise polypak seals available from Parker Seals in order to 
optimally provide sealing for a long, axial stroke. 

In a preferred embodiment, the upper sealing head 2535 includes a 
shoulder 2625 for supporting the upper sealing head 2535, outer sealing 
5 mandrel 2545, and expansion cone 2555 on the lower sealing head 2540. 

The upper sealing head 2535 may be coupled to the outer sealing 
mandrel 2545 using any number of conventional commercially available 
mechanical couplings such as, for example, oilfield country tubular goods 
specialty threaded connection, pipeline connection, welding, amorphous* 
10 bonding, or a standard threaded connection. In a preferred embodiment, the 
upper sealing head 2535 is removably coupled to the outer sealing mandrel 2545 
; by a standard threaded connection. In a preferred embodiment; the " ' ^ 
e mechanical coupling between the upper sealing head 2535 and the outer sealing 
mandrel 2545 includes one or more sealing members 2630 for fliudi^y sfealing^ 
15 the interface between the upper sealing head 2535 and the out^ 'sealing ; ' f ** c r * s x 
mandrel 2545. The sealing members 2630 may comprise number ; | ' 
i conventional^ commercially available sealing members such aaV for' example, ^ 
rings^ polypak seals or metal spring energized seals. In a pr^feiTed^ ^ v * x 
; embodiment, the sealing members 2630 comprise polypak se^ available from 
20 Parker Seals in order to optimally provide sealing for a long axial -str^KsT 
.. . The lower sealing head 2540 iis coupled to the inner sealing mandrel 2530 

v ahd the load mandrel 2550. The lower sealing head 2540 is also movably 
coupled to the inner surface of the outer sealing mandrel 2545. In this 'manner, 
the upper sealing head 1 2535, outer sealing mandrel 2545, and expansion cone 
25 2555 reciprocate in the axial direction. : 

The radial clearance between the outer surface of the lower sealing head 
2540 and the inner siirface of the outer sealing mandrel 2645 may range", for 
example, from about 0.0025 to 0.05 inches. In a preferred embodiment, the 
radial clearance between the outer surface of the lower sealing head 2540 and 
30 the inner surface of the outer sealing mandrel 2545 ranges from about 01005 to 
OiOl inches in order td optimally provide minimal radial clearance. 
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The lower sealing head 2540 preferably comprises an annular member 
having substantially cylindrical inner and outer surfaces. The lower sealing 
head 2540 may be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield country tubular goods low 
5 alloy steel, carbon steel, stainless steel or other similar high strength materials. 
In a preferred embodiment, the lower sealing head 2540 is fabricated from 
stainless steel in order to optimally provide high strength, corrosion resistance, 
and low friction surfaces. The outer surface of the lower sealing head 2540 
preferably includes one or more annular sealing members 2635 for sealing the 
10 interface between the lower sealing head 2540 and the outer sealing mandrel 
2545. The sealing members 2635 may comprise any number of conventional 
commercially available annular sealing members such as, for example,, o-rings, . 
polypak seals, or metal spring energized seals. In. a preferred , en^odimentj the 
sealing members 2635 comprise polypak seals available from Parker Seals in 

: • ••• . ■ >■ . SW. : -lift:. ;- ->.L'I 7"i % Mil .\.,J.. i- jrt r . . ; : . .... .. 

15 order to optimally provide sealing for a long axial stroke. 

The lower sealing head 2540 may be coupled to the inner sealing mandrel 
2530 using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connections, oilfield country tubular 
goods specialty threaded connection, or a standard threaded connection. In a 
20 preferred embodiment, the lower sealing head [ 2540 is removably coupled to the 
inner sealing mandrel 253Q by a standard threaded connection. In a preferred 
embodiment, the mechanical coupling between the lowest sealing head 2540 and 
the mner sealing mandrel 2530 includes one or more sealing members 2640 for 
fluidicly sealing the mterface between the lower sealing head 2540. and the 
25 inner sealing mandrel 2530. The sealing members 2640 may comprise any , 
number of conventional commercially available sealing members such as, for 
example, o-rings, polypak seals or metal spring energized seals. In a preferred s 
embodiment, the sealing members 2640 comprise polypak seals available from 
Parker Seals in order to optimally provide sealing for a long axial stroke. 
30 The lower sealing head 254Q may be coupled to th load mandrel 2550 . 

using any number f conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield country tubular goods 
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specialty type threaded connection, welding, amorphous bonding or a standard 
threaded connection. In a preferred embodiment, the lower sealing head 2540 
is removably coiijpled to the load mandrel 2550 t>y a standard threaded 
connection. In a preferred embodiment, the mechanical coupling between the 
5 lower sealing head 2540 and the load mandrel 2550 includes one or more 
sealing members 2645 for fluidicly sealing the interface between the lower 
sealing head 2540 and the load mandrel 2550. The sealing members 2645 may 
comprise any number of conventional commercially available sealing members 
^sueh as, for example, o-rings^ polypak seals or metal spring energized seals. In a 
10 preferred embodiment, the seMfhg members 2645 comprise polypak seals 

available from Parker Seals in order to optimally provide sealing for a long axial 
stroke. 

* ■ In a preferred embodiment, the lower sealing head 2540 includes a throat^ 
pa&s^ 2M0fl^ fluid passages 2590 and 2600; The 

15 throat passage 2650 is preferably of reduced size ank is adapted to re^i^^hd^ 
engage with a plug 2655/or other similar device. In tfcus manner, the fluid > 
passage 2590 is fluidicly isolated from the fluid passage 2600. In this manner, 
the pressure chamber 2660 is pressurized. ' - 

>*» The outer sealing mandrel 2545 is coupled to the upper sealing head 

20 2535 and the expansion cone 2555. The outer sealing mandrel 2545 is also 

movably coupled to the inner surface of the casing 2560 and the outer surface of " 
the lower sealing head 2540.' In this manner, the upper sealing head 2535, 
outer sealing mandrel 2545, and the expansion cone 2555 reciprocate in the 
axial direction. The radial clearance between the outer surface of the outer 

25 sealing mandrel 2545 and the inner surface of the casing 2560 may range, for 
example, from about 0.&25 to 0.375 inches. In a preferred embodiment, the 
radial clearance between the outer surface of the outer sealing mandrel 2545 
and the inner surface bPthe casing 2560 ranges from about 6.025 to 0.125 
inches in order to optimally jii^ovide stabilization for the expansion cone 2535 

30 during the expansion process.^ The radial clearance between the inner surface 
of the outer sealing mandrel 2545 and the outer surface of the lower sealing 
head 2540 may range, for example, from about 0.005 to 0.01 inches. In a 
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preferred embodiment, the. radial clearance between the inner surface of the . ^ 
outer sealing mandrel 2545 and the outer surface of the lower sealing head 2540 
ranges from about 0.005 to 0.0], inches in order to optimally provide minimal 
radial clearance. 

•>: ' ■ '. .» ' ■ -• • v. ■': *.• *■>. .J. ■•' . " i. >'■■ '. i 

5 The outer sealing mandrel 2545 preferably comprises an annular. 

member having substantially cylindrical inner and outer surfaces. The outer 

sealing mandrel 2545 may be fabricated from any number of conventional 

commercially ayauable ^teria^ such as, for example, oilfield country tubular 

goods, low alloy steel, carbon steel, stainless steel or other similar, high strength 

10 materials. In a preferred embodiment, the outer sealing mandrel 2545 is r . 

fabricated from stainless steel in order to optimally provide high strength, 

corrosion resistance, and low friction surfaces. 

head 253^ ^ 

15 couplings such as, for example, drillpipe conne^ S l 

standard, threaded connection. In a preferred embodiment,,^ the outer; sealing 
majidrel 2545 is removably coupled to toe upper sealing head 25,35, by ft " " ' ? 
standar4 threaded connection. The outer sealing^n^dr^.2^ ; may be coupled 
20 to the expansiqi| cone 2555 u^g anynumber^pf con^ »^ 
avaUable me^anical couplfcgB such as, for exaniph^^ 
oufield^untry ^tubular goods specialty type threaded connection, welding, Vi - 
amorphous bonding, or a standard threaded cp 

embodiment, theater sealing mandrel 2545 is removabjy coupled tojthe ■ ,. y 

25 expansion cone 2555 by a standard threaded connection 

f 6 ^? 2535 » the lower sealing head 2540, the. inner : , 
sealmg n«ndrel 2530, and [ the ^outer sealing mandrel 2545 together define a s s 
pressure chamber 266oT The pressure chamber 2660 is fluididy coupled to the 
passage 2590 via one or more passages 2595. During operation of the, apparatus 

30 2500, th plug 2655' engages with '^throat passage 2650 to fluidjcly isolate the.. , 
fluid passage 2590 froin the. fluid passage 26Q0. The pr^ure chamber 2660 is , 
then pressurized which in ^causesthe .upper sealing head f 2535, outer ,< 
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sealing mandrel 2545, and expansion cone 2555 to reciprocate in the axial 
direction. The axial motion of the expansion cone 2555 in turn expands the 
casing 2560 in the radial direction. 

The load mandrel 2550 is coupled to the lower sealing head 2540. The 
5 load mandrel 2550 preferably comprises an annular member having 

substantially cylindrical inner and outer surfaces. The load mandrel 2550 may 
be fabricated from any number of conventional commercially available 
materials such as, for example, oilfield country tubular goods, low alloy steel, 
carbon steel, stainless steel or other similar high strength materials. In a 

10 preferred embodiment, the load mandrel 2550 is fabricated from stainless steel 

. \\ ' > ? = c >S * ^ - ■? a ■ ■ . - 

in order to optimally provide high strength, corrosion resistance, and low 

: * v, v;;. -. - ■ * = • / 

friction surfaces. 

The load mandrel 2550 may be coupled to the lower sealing head 2540 
using any number of ; conventional commercially available mechanical couplings 

15 such as, for example* oilfield country tubular goods, drillpipe connection, 

welding, amorphous bonding, or a standard threaded connection. In a preferred 
embodiment, the load mandrel 2550 is removably coupled to the lower sealing 
head 2540 by a standard threaded connection. 

The load mandrel 2550 preferably includes a fluid passage 2600 that is 

20 adapted to convey fluidic materials from the fluid passage 2590 to the region 
outside of the apparatus 2500. In a preferred embodiment, the fluid passage 
2600 is adapted to convey fluidic materials such as, for example, cement, epoxy, 
water, drilling mud, or lubricants at operating pressures and flow rates ranging, 
for example, from about 6 to 9,006 psi and 0 to 3,000 gallons/minute. 

25 The expansion cone 2555 is coupled to the outer sealing mandrel 2545. 

The expansion cone 2555 is also movably coupled to the inner surface of the 

casing 2560. In ibis manner, the upper sealing head 2535, outer sealing 

f -r . . : ■ . ■:, l ■'. «' ' ./ .n: r ' v 

mandrel 2545, and the expansion cone 2555 reciprocate in the axial direction. 

The reciprocation of the expansion cone 2555 causes the casing 2560 to expand 

30 in the radial direction. 

The expansion cone 2555 preferably comprises an annular member 

having substantially cylindrical inner and conical outer surfaces. The outside 
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radius of the outside conical surface may range, for example, from about 2 to 34 
inches. In a preferred embodiment, the outside radius of the outside conical 
surface ranges from about 3 to 28 in order to optimally provide radial expansion 
for the widest variety of tubular casings. The axial length of the expansion cone 
5 2555 may range, for example, from about 2 to 8 times the largest outside 
diameter of the expansion cone 2535. In a preferred embodiment, the axial 
length of the expansion cone 2535 ranges from about 3 to 5 times tjbie largest 
outside diameter of the expansion cone 2535 in order to optimally provide 
stabilization and centralization of the expansion cone 2535 during the 

10 expansion process. In a particularly preferred embodiment, the ma^imim 

outside diameter of the expansion cone 2555 is between about 95 to 99 % of the 
inside diameter of the existing wellbore that the casing 2560 will be joined with. 
In a preferred embodiment, the angle of attack of the expansion cone 2555 
ranges from about 5 to 30 degrees in order to optimally balance fnctional forces 

15 and radial expansion forces. The optimum angle of attack of the expansion cone 

• 7 *• . •ij.-.t! in : ' 3 - 'i, -.' - • :.\r ....... '• ■ ■'< <,;:;?.• ! .... .. r 

2535 will vary as a function of the particular operational features of the 
expansion operation. 

The expansion cone 2555 may be fabricated from any number of 

. i" ». • • • .. -i;: > • . ?' -.sr.. j. .- ?i 3 v; : ::}•■.■.';' 
conventional commercially available materials such as, for example, machine 

20 tool steel, nitride steel, titanium, tungsten carbide, ceramics or other similar 
high strength materials. In a preferred embodiment, the expansion cope 2555 
is fabricated from D2 machine tool steel in order to optimally provide high 
strength, and resistance to wear and galling. In a particularly preferred 
embodiment, the outside surface of the expansion cone 2555, has a . surface 

25 hardness ranging from about 58 to 62 Rockwell C in order to optimally provide 
high strength and wear resistance. 

• - '• » • : -. i. T- <J i < . . ; ,3?,r.'». '. .. . ' ;>/.:"-). J- ^ ,r ;: 

The expansion cone 2555 may be coupled to the outside sealing mandrel 

2545 using any number of conventional commercially available mechanical 

couplings such as, for example, drillpipe connection, oilfield country tubular 

* 30 goods specialty threaded connection, welding, amorphous bonding or. a standard , 

threaded connection. In a preferred embodiment, the expansion cone 2555 is 

coupled to the outside sealing mandrel 2545 using a standard threaded 
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connection in order to optimally provide liigh strength and easy replacement of 
the expansion cone 2555. 

The casing 2560 is feinovably doupled Co the slips 2525 and expansion 
cone 2555. 1 The casing 2560 preferably Comprises a tubular member. The 
5 casing 2560 maty be fa&Wcated froih any number of conventional commercially 
available materials such as, for example, slotted tubulars, oilfield country 
tubular goods, few sdftSy steel, carbon steel, stainless steel or other similar high 
strength materials. In a preferred embodiment, the casing 2560 is fabricated 
from oilfield country tubular gooids available from various foreign and domestic 
10 steel mills in Qfder to optimally provide high strength using standardized 
materials. 

Inva preferred Embodiment, the upper end 2665 of the casing 2560 
includes a thui wail section 2670 aid an outer annular sealing member 2675^- ^ 
In a prefeiT^ iaaabddim thin wall section 2670 ii 

15 about 50 to 100 % oftile re^^ w^ll ttiirkn^s of the casing 2560, la this j ^ 
manner, the up^pef' ehd 2665 of the casing 2566 may be easily radially expanded 
. and deformed into intimate contact With the lower end of an existing section 6f v 
wellbore casing/ In a preferred embodiment, the lower end of the existing • v ^ 
section of casing also includes a thin wall section. In this manner, the radial^ 

20 expansion of the thin wadled section 2670 of casing 2560 into tHe thin walled ^ 
section of >the Existing wellbore basing results in a wellbore casing having a m " 
substantially constant inside diameter. **" * 

The annular sealing member 2675 may be fabricated from any number of 
conventional commercially available sealing materials such as, for example, 

25 epoxy, rubber, metal, or plastic. In a preferred embodiment, the annular 

sealing member 2675 is fabricated from StrataLock epoxy in order to optimally 
provide compressibility and resistance to wear. The outside diameter of the 
annular sealing member 2675 preferably ranges from about 70 to 95 % of the 
inside diameter of the lower section of the wellbore casing that the casing 2560 

30 is joined to: In this manner, after radial expansion, the annular sealing member 
2670 optimally provides a fluidic seal and also preferably optimally provides 
sufficient fractional fore With'the inside surface of tiie existing section of 
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wellbore casing during the radial expansion of the casing 2560 to support the 
casing 2560. 

In a preferred embodiment, the lower end 2680 of the casing 2560 
includes a thin wall section 2685 and an outer annular sealing member 2690. 
5 In a preferred embodiment, the wall thickness of thq thin wall section 2685 is . 
about 50 to 100 . % of the regular wall thickness of the casing 2560, l n this 
manner, the lower end 2680 of the casing 256Q may be easily expanded and 
deformed. Furthermore, in this manner,, an other section of casmg may be , 
easily joined with the lower end 2680 of the casing 2560 using a radial 
10 expansion process. In a preferred enmodiment, the upper end of the other 
section of casing also includes a thin wall section. In this manner, the^radial 
: . expansion of the thin walled section of the upper end of .the other casing into 
«u the thin walled section 2685 of, the lower end l^ j piJ^.efia^2^.' K ^ ! 4t9 m 

-a wellbore casmghavm ; 
15 The annular sealing member 269^ may be ^ of 

u, . PQ^tioi^^mmeraa^ available se^materi^ls sudi as^^example, 

rubber, metal, plastic or epoxy. In a preferred embodiment, th* annular sealing 
member 2690 is fabricated from StrataLock enoxy in order to optimaUy provide 
compressibility and resistance to wear. The outside diameter of the. annular 
20 sealing member 2690 preferably ranges from about £70 to 95V% of the inside 
diameter of the lower siection of the existing weUbpre c^ing that the casing 
2560 is joined to. In this manner, after radial expansion, the annular sealing 
member 2690 preferably proyide^ a fluidic seal and^ atop, preferably prqyides 
sufficient fractional force w|tii ti^e ^ ^ t ^ 

25 expansion of the casing 2560 to support the casing 2560. ■,. 

During operation, the apparatus 2500 is preferably pos^tionedm a . . , , 
wellbore with the upper end [2665 of the casmg 2560 positioned m an^ 
overlapping relationship with the lower end of an existing wellbore casing. In a 
particularly preferred embodiment; the thin wall section 2670 of the casing 
30 ^f0 ^ Positioned 

and outer annular sealing member of th lower end of the existing section of 
wellbore casing. In tins manner, the radial, expansion of the casing ; 2560 will , 
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compress the thin wall sections and annular compressible members of the upper 
end 2665 of the casing 2560 and the lower end of the existing wellbore casing 
into intimate contact. During the positioning of the apparatus 2500 in the 
wellbore, the casing 2560 is supported by the expansion cone 2555; 
5 After positioning of the apparatus 2500, a first fluidic material is then 

pumped into the fluid passage 2565. The first fluidic material may comprise 
any number of conventional commercially available materials such as, for 
example, cement, water, slag-mix, epoxy or drilling mud. In a preferred 
embodiment, the first fluidic material comprises a hardenable fluidic sealing 

10 material such as, for example, cement, epoxy, or slag-mix in order to optimally 
provide a hardenable outer annular body around the expanded casing 2560. 

The first fluidic material may be pumped into the fluid passage 2565 at mr " 
operating pressures and flow rates ranging, for example, from about 0 to 4,500 ^ 
psi and 0 to 3,000 gallons/minute. In a preferred embodiment, the first fluidic 

15 material is pumped into the fluid passage 2565 at operating pressures arid flow 
rates ranging from about 0 to 3,500 psi and 0 to 1,200 gallons/minute in order f 
to optimally provide operational efficiency. 

The first fluidic material pumped into the fluid passage 2565 passes ° " r 
through the fluid passages 2570, 2575, 2580, 21590, 2600 and then outside of tire* 

20 apparatus 2500. The first fluidic material then preferably fills the annular 

region between the outside of the apparatus 2500 and the interior walls of the " M v 
wellbore. 

The plug 2655 is then introduced into the fluid passage 2565. The plug " 
2655 lodges in the throat passage $650 and fluidicly isolates and blocks off the 

25 fluid passage 2590. In a preferred embodiment, a couple of volumes of a non- 
hardenable fluidic material are then pumped into the fluid passage 2565 in 
order to remove any hardenable fluidic material contained within and to ensure 
that none of the fluid passages are blocked. 

A second fluidic material is then pumped into the fluid passage 2565. 

30 The second fluidic material may comprise any number of conv ntional 

commercially available materials such as, for example, water, drilling gases, 
drilling mud or lubricant. In a preferred, embodiment, the second fluidic 
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material comprises a non-hardenable fluidic material such as, for example, 
water, drilling mud, or lubricant in order to optimally provide pressurization of 
the pressure chamber 2660 and minimize friction. 

The second fluidic material may be pumped into the fluid passage 2565 at 
5 operating pressures and flow rates ranging, for example, from about 0 to 4,500 
psi and 0 to 4,500 gallons/minute. In a preferred embodiment, the second 
fluidic material is pumped into the fluid passage 2565 at operating pressures 
and flow rates ranging from about 0 to 3,500 psi and 0 to 1,200 gallons/minute 
in order to optimally provide operational efficiency. 
10 The second fluidic material pumped into the fluid passage 2565 passes 

through the fluid passages 2570, 2575, 2580, 2590 and into the pressure 
chambers 2605 of the slips 2525, and into the pressure chamber 2660. 
Continued pumping of the second fluidic material pressurizes the pressure 
chambers 2605 and 2660. 
15 The pressurization of the pressure chambers 2605 causes the slip 

members 2525 to expand in the radial direction and grip the interior surface of 
the casing 2560. The casing 2560 is then preferably maintained in a 
substantially stationary position. 

The pressurization of the pressure chamber 2660 causes the upper 
20 sealing head 2535, outer sealing mandrel 2545 and expansion cone 2555 to 
move in an axial direction relative to the casing 2560. In this manner, the 
expansion cone 2555 will cause the casing 2560 to expand in the radial 
direction, beginning with the lower end 2685 of the casing 2560. 

During the radial expansion process, the casing 2560 is prevented from 
25 moving in an upward direction by the slips 2525. A length of the casing 2560 is 
then expanded in the radial direction through the pressurization of the pressure 
chamber 2660. The length of the casing 2560 that is expanded during the 
expansion process will be proportional to the stroke length of the upper sealing t 
head 2535, outer sealing mandrel 2545, and expansion cone 2555. 
30 Upon the completion of a stroke, the operating pressur of the second 

fluidic material is reduced and the upper sealing head 2535, outer sealing 
mandrel 2545, and xpansion cone 2555 drop to their rest positions with the 
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casing 2560 supported by the expansion cone 2555/ The position of the drillpipe 
2505 is preferably adjusted throughout the radial expansion process in order to 
maintain the overlapping relationship between the thin Walled sections of the 
lower end of the existing wellbbre casing and the upper end of the casing 2560. 
5 In a preferred embodiment, the strbking of the expansion cone 2555 is then 
repeated, as iiefceskary, until the thin walled section 2670 of the upper end 2665 
of the casing 2560 is expanded into tlie thin walled section of the lower end of 
the existing wellbore casing. In this manner, a wellbore casing is formed 
including two adjacent sections of casing having a substantially constant inside 
10 diameter. This process may* then be repeated for the entirety of the wellbore to 
provide a wellbbre casing thousands of feet in length' having a substantially 
constant inside diameter. 

In a preferred embodiment, during the final stroke of the expansion cone 
2555; the slips 2525 are positioned as close as possible to the thin walled section 
15 2670 of the upper end 2665 bf the Casing 25^0 in order minimize slippagie 

between the casing 2560 and the existing wellbore casing at the end of the ; ^ 
radial expansion process. Alternatively, or in addition, the outside diameter of 
the annular sealing member 2675 is selected to ensure sufficient interference fit - 
with the inside diameter of the lower end of the existing casing to prevent axial : r 
20 displacement of the casing 256tf during the' final stroke. Alternatively, or in 
addition, the outside diameter of the annular sealing member 2690 is selected 
to provide ah interference fit With 1 the inside walls of the wellbore at an earlier 
point in the radial expeinsion process so as 'to prevent further axial displacement 
of the casing 2560. In this final ^terfcative/tt^ is preferably 

25 selected to permit expansion of the casing 2560' by pulling the expansion cone 
2555 out of the wellbore; without having to' pressurize the pressure chamber 
2660. * ••• - ^ ' i * ' ■■ ' ." ' ■ ' • - 

During the radial expansion process, the pressurized areas of the 
apparatus 2500 are preferably limited to the fluid passages 2565, 2570, 2575, 
30 2580, and 2590, the pressure chambers 2605 within the slips 2525, and the 
pressure chamber 2660. No fluid pressure acts directly on the casing 2560. 
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This permits the use of operating pressures higher than the casing 2560 could, 
normally withstand. , t 

Once the casing 2560 has been completely expanded off of the expansion 
cone 2555, the remaining portions, of the apparatus 2500 are removed from the 
5 wellbore. In a preferred embodiment, the contact pressure between the 
deformed thin wall sections and compressible annular members of the lower 
end of the existing casing and the upper end 2665^f the casing 2560 rapges 
from about 400 to 10,000 psi in order to optimally suppprt the casing 256Q 
using the existing wellbore casing. 
10 In this manner, the casing 2560 is radially expanded into contact with an 

existing section of casing by pressurizing the interior fluid passages 2565, 2570, 
2575, 2580, and 2590, the pressure chambers of the slips 2605 and thje pressure- 
chamber 2660 of the apparatus 2500. 

In a pr eferred embodiment, as r^uired, the annular body of hardenable 
15 fluichc material ^ then.aUo^ to cure to form a rigid oiiter annular body about 
the ^anded casing 2560. In the case where the casing 2560 is slotted, the 
cured fluidic materiial preferably permeates and envelops the expanded casing 
2560. The resultang new section of wellbore casing includes the expanded 
casing 2560 and the rigid outer annular body. The overlapping joint between 
20 the pre-existing weUbore ^ 

deformed thin wall sections and the compressible outer annular bodies. The 
inner diameter of the resulting combined wellbore casings is, substantially t 
constant In this manner, a mono-fimeter w# formed. This 

process of exp^c^&pver^ 
25 portions with compressible aimulfiir bodies into, contact can be repeated for the. 
entire length of a wellbore. In this manner, a mono-diameter wellbore casing 
can be provided for thousands of feet in a subterranean formation. 

In a preferred embodiment, as the expansion cone 2555 neara the upper 
end 2665 of the casing 2560, the operating prpssure of the second fluidic . 
30 material is reduce^ in order to minimize shock to the apparatus 2500. In an 
alternative embodiment, the apparatus 2500 includes a shock absorber for . - 
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absorbing the shock created by the completion of the radial expansion of the 
casing 2560. 

In a preferred embodiment, the reduced operating pressure of the second 
fluidic material ranges from about 100 to 1,000 psi as the expansion cone 2555 
5 nears the end of the casing 2560 in order to optimally provide reduced axial 
movement and velocity of the expansion cone 2555. In a preferred embodiment, 
the operating pressure of the second fluidic material is reduced during the 
return stroke of the apparatus 2500 to the range of about 0 to 500 psi in order 
minimize the resistance to the movement of the expansion cone 2555 during the 
10 return stroke. In a preferred embociiment, the stroke length of the apparatus 
2500 ranges from about 10 to 45 feet in order to optimally provide equipments 
lengths that can be easily handled using typical oil well rigging equipment kbd 
also minimize iiie 'frequency at which apparatus 2500 must be re-strok£dV^ * 
r k ? In? an alternative embodiment, at least a portion of the upper sealiiig H ^ 
15 head 2535 includes an expansion cone for radially expanding the casing 2560 r 
r during bperation of the apparatus 2500 in order to increase the surface krea of ! 
the casing 2560 acted upon during the radial expansion process. In this 1 • V ^: 
manner, the operating pressures can be reduced. - - 

Alternatively, the apparatus 2500 may be used to join a first section of ^ 
20 pipeline to ah existing section of pipeline. Alternatively, the apparatus 2500 f ' 
may be used to directly line the interior of a wellbore with a casing, without the 
xxkk bf ah outo aniDular layer of a hardenable material. Alternatively, the^ " 3 r 
apparatus 2500 may be used to expand a tubular support member in a bole." 
Referring how to Figiiries 19, 19a and 19b, another embodiment of an 
25 apparatus 2700 for expanding a tubular member will be described. The 
apparatus 2700 preferably includes a drillpipe 2705, an innerstring adapter 
2710, a sealing sleeve 2715, a first inner sealing mandrel 2720, a first upper 
sealing head 2725, a first lower sealing head 2730, a first outer sealing mandrel 
2735, a second inner sealing mandrel 2740, a second upper sealing head 2745, a 
30 second lower sealing head 2750, a second outer sealing mandrel 2755, a load 
mandrel 2760, ^ expansion corie 2765, a mandrel launcher 2770, a mechanical 
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slip body 2775, mechanical slips 2780, drag blocks 2785, casing 2790, and fluid 
passages 2795, 2800,. 2805, 2810, 2815, 2820, 2825, and 2830. 

The drillpipe 2705 is coupled to the innerstring adapter 2710. During 
operation of the apparatus 2700, the drillpipe 2705 supports the apparatus 
5 2700. The drillpipe 2705 preferably comprises a substantially hollow tubular 
member or members. The clrillpipe 2705 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
country tubular goods, low alloy steel, carbon steel, stainless sfeel, or other 
similar high strength materials. In a preferred embodiment, the drillpipe 2705 
10 is fabricated from coiled tubing in order to facilitate the placement of the 

apparatus 2700 in non-vertical weUbores. The drillpipe 2705 may be coupled to 
the innerstring adapter 2710 using any number of conventional commercially , 
available mechanical couplings such as, for example, drillpipe connection, 
oilfield country tubular goods specialty threaded connection, or a standard 
15 threaded connection. In a preferred embodiment, the drillpipe 2705 is 

removably coupled to the innerstring adapter 2710 by a drillpipe connection in 
order to optimally provide high strength and easy disassembly. 

The drillpipe 2705 preferably includes a fluid passage 2795 that is 
adapted to convey fluidic materials from a surface location into the fluid. 
20 passage 2800. In a preferred embodiment, the fluid passage 2795 is adapted to 
convey fluidic materials such as, for example, cement, epoxy, water, drilling 
mud or lubricants at operating pressures and flow rates ranging from about ,0 to 
9,000 psi and 6 to 3^000 gaUons/minute 

The innerstring adapter 2710 is coupled to the driU strm 2705 and the 
25 sealing sleeve 2715. The innerstring adapter ^ 2710 preferably comprises a 
substantiaUy hoUow tubular member or members. The imieratring adapter 
2710 may be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield country .tubular goods, low 
aUoy steel, carbon steel, stainless steel or other similar high strength materials, « 
30 In a ^preferred embodiment, the innerstring adapter 2710 is fabricated from 
stainless steel in order to optimally provide high strength, corrosion resistance,, - 
. and low friction surfaces. 
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; The innerstring adipiter 2^710 iriay be coupled to the drill string 27CI5 
using any number of conventional ^commercially available mechanical couplings 
such as, for example, drillpi^e connection, oilfield country tubular goods 
specialty threaded connection, or a standard threaded connection^ In a ' 
5 preferred embodiment, the innerstring* adapter 2710 is removably coupled to 
the drill pipe 2705 by a staridard threaded connection in order to optimally 
provide high strength easy disassembly. The innerstring adapter 2710 may 
be coupled to the sealing sleeve 2715 using any number of conventional 
commercially available mechanical couplings such as, for example, drillpipe 
10 cofcritetioff/oiMeld fcdvmtry Mbular goods specialty type threaded connection, 
ratchet-latch type threaded feonnection or a standard threaded connection. In a 
; pref^tred embodiment, the innerstring adapter 2710 is removably coupled tb' ^ 
the Sekimg sl^ve' 2715 by a skmdard threaded connection, f ^ ^ * 

1r; -?The inneratring^a passage 2800 ^ 

15 that is adapted to convey fluidic materials froWtfce fiiiid passage 2795 into tte 
fluid passage 2805; Iii a^rWere^^ 

adapted to convey fluidic materials such as, for example, cement, epk&y, Water, T' ' 
drUlmg;mud of lubricants at operating pressures and flow rates ranging fronfc lf 
about 0 to 9,000 p3i and 7 (jf to 3,000 g^dWminutb. 5 ^ 

20 t^e sealkig sleeve 2715 is coupled to the inneretring adapter 2710 and: 

the first innefr^^ preferably - ' 

comprises a substantially hbUow tubular member or members. TKe sealing * 
sleeved 27*15 may be fabricated from any number of wnventional o>mmercially 
available materials sucli as, for example, oilfield Ibbun^ tub^M goods, low 

25 alloy steel, carbon steel, stainless steel or other similar high strength materials. 
In a preferred embodiment, the sealing slefe^e'2^15 is Undated from stainless 
steel in order to optimally provide high strength, corrosion resistance, and low 
friction surfaces, *• ' " ■ - ^ - " ' 3 > 

5 The sealing sleeve 2715 may be coupled to t&e innerstring adapter 2710 

30 using any number fconventi nal tomiiierdaUy available mechanical couplings 
such as, for example, drillpipe connection, oilfield country hibulaf goods 
specialty type threaded- connection, welding, amorphous bonding, or zl standard 
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threaded connection. In a preferred embodiment, the. sealing sleeve 2715 is 
removably coupled tp the innerstring adapter 2710 by a standard threaded ; (J 
connector. The sealing sleeve 2715 v may be coupled, to the first inner sealing 
mandrel 2720 using any number of conventional commercially available 
5 mechanical couplings such. as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded coi^xnectioDt, gelding,, amorphous bonding 

or a standard threaded connection. In a preferred embodiment, the sealing,; 

sleeve 2715 is removably coupled to the inner sealing mandrel 2720 by a - it 
standard. threaded connection. 

10 The sealing sleeve 2715 preferably includes a fluid passage 2802 that is : 

adapted to convey fkudic materials from the fluid passage 2£00 into the fluid 
- -passage 2805 In a preferred embodiment, the, fluid passage , 2l893 f js adapted to 
xcpnyey fluidic materials such as, fpr jKt^pl^ *pOT 
; ^ mud or lubricants at operating pressures and flow rates ranging from about 0 to 

15 9,000 psi ai*d 0 to 3,000 gaUons/minute. - - , 

The fest inner sealing mandrel 2J20^coi3tpjl^d to the sealing sleeve 2715 
and the first lower sealing head 2730^ T^hgfu^t inner sealing mandrel 27#0 

■>x : preferably comprises a substantially hoUo\^ tul^ujar member or memj^^.r/TChg 
first inner sealing mandrel 2720 may b& fabricated from aqy number of - ; , 

20 conventional commercially available m^tex^al^ such 3s, for example; oilfield 
= country tubular goods, low alloy steel, carbon «teel, stainless steel or Mother 
similar high strength xrateri^. . tl 
sealing mandrel 2720 is fabricated &om staples steel in orfier to optimally 
provide high strength, cori^io^r^si^taiice, an<^ l§w fricr^iqii, surfaces. < r ; > v 

25 . The fipat inner sealing m.andrel 2720 may be coupled v to Jthe scaling sleeve 
2715 using any number of conventional commercially available mecharueal 
couplings such as, for example, drillpjpe connection oilfield country J^ul$3r> : > 
goods specialty threaded connection, welding, amorphous bonding, or a cj , v 
standard treaded connection. In ^preferred embodiment, the firakinner' 

30 sealing mandrel 2720 is iremovably coup|ed to the sealing sleeve 2715 by a 
standard threaded, connect /The first inner sealing mandrel 2720 may be 
coupled to the firpt lower sealing head 2730 using any number of conventional/ 

- 170 - 

, SUBSTITUTE SHEET (RULE 26) 



WO 00/77431 



PCT/TLOO/00245 



commercially available mechanical couplings such as, for example, drillpipe 
connection, oilfield country tubular goods specialty typfe threaded connection, 
welding, amorphous bonding, or a standard threaded connection. In a preferred 
embodiment, the first inner sealing mandrel 2720 is removably coupled to the 
5 first lower sealing head 2730 by a standard threaded Connection. 

The first inkier sealing mandrel 2720 preferably includes a fluid passage 
2805 that is adapted to convey fluidic materialk froik the fluid passage 2802 into 
the- fluid passage 2810. In a preferred embodiment, the fluid passage 2805 is 
adapted to convey fluidic materials such as, for example, cement,' epoxy, water, 
10 drilling mud or lubricants at operating pressures and flow rates ranging from 
about 0 to 9*000 psi and 0 to -3,000 gallons/itiinute, 

- The first upper sealing 
mandrel 2735V the second uppdr sealing head 2745, the second outer sealing 
mandrel 2755, and the expansion cone 2765. The first upper sealing head 2725 
15 is also movably coupled to the outer surface of tfie Grdt inner sealing mandrel 

2720 and the inner siufabe of the casing 2790. In this manner, the first upper ^ v 
sealing head 2725 reciprocates in the axial direction. The radial clearance 
between the inner cylindrical surface of the first upper sealing liead 2725 and 
the outer surface of the first inker sealing mandrel 2720 may range, for 
20 example^from about 0.0025 to. 0J35 inches. In a preferred! embodiment, the 
radial clearancebe^ first upper sealing 

head 2725 and the duter surface of the first inner sealing mandrel 2720 ranges . 
from about 0.005 to 0.125 inclies Moi-der td J optimally provide minimal radial 
clearance. The radial clearance between the outer cylindrical surface of the 
25 first upper dealing head 2725 and the inner surface df the casing 2790 may 
range, for example, from about 0.025 to 0i375 inches. In a preferred 
embodiment, the radial cleai aLice between the outer cylindrical surface of the 
first upper sealing head 2725 arid the ihiier surface of the casing 2790 ranges 
from about 0.025 to 0.125 inches in order to optimally provide stabilization for 
30 the expansion cone 2765 during the expansion process. ' C 

The first upper sealing head 2725 preferably comprises an annular 
member having substantially cylindrical inner and outer surfaces. The first 
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upper sealing head 2725 njay be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield country tubular 
goods, low alloy steely carbon, steeL stainless steel or pther similar high strength 
materials. In a preferred embodiment, the : first upper sealing head 2725, is 
5 fabricated from stainless steel in order to optimally prpyide, high, strength, 
corrosion resistance and low friction surfaces. The. inner surface- of the.first 
upper sealing head 2725 preferably includes one or mpre annular sealing; ; 
members 2835 for sealing the interface betwreen the first upper sealing head; 
2725 and the first inner sealing mandrel 2720. The sealing members 2835 may 
10 comprise any number of conventional commercially available annular sealing, 
members such as, for example, o-rings, polypak seals or metal spring energized 
seals. In a preferred embodiment, the sealing members ,2835 i comprise polypak 
seals available from barker Seals, in order >to optimal^ 
axial strokes. , ... j-, 

• ■> • ■ ■ •• •. ■ .. • •• ,, ; ' -i .'. • !•. »'.•;> ('/ :;. '■■ -j • <• -■»■ » ... i'.>\. .: 

15 ^)^ 1 l ap ^^ re ^ embodiment, the first upper sealing head 2725 includes a 
shoulder 2840 for supporting.the first upper sealing head ^725 on the first 
lower sealing head 2730. , A . 

The^ 

^ ^farel 2735 using any number of conventional commercially available' 
20 mechanical couplings such, as, for example^ drillpipe connection^ biffieM country 
tubular goods speaalty tbxe^ded^c^ or a 

standard threaded connection. In a preferred embodiment, the first upper 
sealing head 2725 is removably coupled to the first outer sealing mandrel 2735 
by astandarfthreade^conne^on. In ,« prefer^-emfcodimpnt, the - 
25 mechanical coupling between the.firrt^ 

outer sealing mandrel 2735 includes one or more sealing members 2845 for 
fluidicly sealing the interface between the, first upper sealing head 2725 and the 
first outer sealing mandjel 2735. The sealing members 2845 may comprise any 
number of conventional, commercially available sealing members such as; for * 
30 exampl , o-rings, polypak seals or metal spring energized seals. In a preferred 
enibodiment, the sealing members 2845 comprise polypak seals available from 
Parker Seals in order to optimally provide sealing for long axial stroke*: 
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The first lower sealing head 2730 is coupled to the first inner sealing 

mandrel 2720 and the secofcd inner;sealing mandrel 2740. The first lower 
sealing head 2730 is also movably coupled to the inner surface of the first outer 
sealing mandrel 2735. In 1 this manner, the first upper sealing head 2725 and 
5 first outer sfealing mandrel 2735 reciprocate in the axial direction. The radial 
clearance bfetweto the outer surface of the first lower sealing head 2730 and the 
inner surface of the first outer sealing mandrel 2735 may range, for example, 
from about 0.0025 to 0.05 inches. In a preferred embodiment, the radial 
clearance between the outer surface of the! first lower sealing head 2730 and the 
10 inner surface of the first outer sealing mandrel 2735 ranges from about 0.005 to 
0.01 inches in order to optimally provide minimal radial clearance. 

The first lower sealing head 2730 preferably comprises an anniilar 
member having substantially cyliniirical inner and outer surfaces. The first 
lower sealing head 2730 may' be fabricated rrom any number of conventional 
15 commercially available materials such as, for example, oilfield country tubular 
goods, low alloy steel, carbon steel; stainless steel brother similar high strength 
materials. In a preferred embodiment, the first lower sealing head 2730 is 
fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces! The outer surface of the first 
20 lower sealing head 2730 preferably includes one or more annular sealing 
members 2860 for sealing the interface between the first lower sealing head 
2730 and the first outer sealing mandrel 2735. The sealing members 2850 may 
comprise any number of conventional commercially available annular sealing 
members such as, for example, 6-rings, polypak seals or metal spring energized 
25 seals. In a preferred embodimen Vthe sealing Members 2850 comprise polypak 
seals available from Parker Seals in order to optimally provide sealing for long 
axial strokes. ., .,. 

1 The first lower sealing head 2730 may be coupled to the first inner 
sealing mandrel 1 2720 using any number of conventional commercially available 
30 mechanical couplings such as, for example, oilfield country tubular goods 
specialty threaded connections; welding; amorphous b nding, or standard 
threaded connection. In a preferred embodiment^ the first lower sealing head 
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2730 is removably couplet! to the first inner sealing mandrel ,2^20 by a standard 
threaded connection. In a preferred embodiment, the mechanical coupling? * 

between the first lower sealing head 2730 and the first inner sealing mandrel 

. * • t - ■ ■ 

2720 includes one or more sealing members 2855 for fluidicly sealing the 

. ' ' ■ * .* . t - " ■ • • 

5 interface between the first lower sealing head 2730 and the first inner sealing 
mandrel 2720. The sealing members 2855 may comprise, any number of 
conventional commercially available sealing members such as, for example, o- 
rings, polypak seals or metal spring energized seals., In a preferred , _ v 
embodiment, the sealing members 2855 comprise polypak seals available from 

10 Parker Seals in order to optimally provide sealing for long axi$l strokes. 

The first lower sealing head 2730 may be coupled to the second ipner 
sealing mandrel 2740 using any number of conventional commercially available 
mechanical couplings such as, for example, oilfield country tubular, goods 
specialty threaded connection, welding, amorphous bonding, or a standard 

15 threaded connection. In a preferred embodiment, the lower sealing head 2730f 
is removably coupled to the second inner sealing mandrel 2740 by a standard 
threaded connection. In a preferred embodiment, the mechanical coupling 
between the first lower sealing head 2730 and the second inner sealing mandrel 
2740 includes one or more sealing members 2860 for fluidicly sealing the 

20 interface between the first lower sealing head 2730 and the second inner sealing 
mandrel 2740. The sealing members 286Q may comprise any number of 
conventional commercially available sealing members such as, fox example, or 
rings, polypak seals or metal spring energized seals. In a preferred , 
embodiment, the sealing members 2860 comprise polypak seals available from > v 

25 Parker Seals in order to optimally provide sealing fpr long axial strokes. 

The first outer sealing mandrel 2735 is coupled to the first upper, sealing 
head 2725, the second upper sealing head 2745, the second outer sealing 
mandrel 2755, and the expansion cone 2765. The first outer sealing mandrel 
2735 is also movably coupled to the inner surface of the casing 2790 and the 

30 outer surface of the first lower sealing head 2730. In this manner, the first 

■ t. .■ 

upper sealing head- 2725, first outer sealing rpandrel 2735, second upper sealing 
head 2745, second outer sealing mandrel 2755, and the expansion cone 2765 
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reciprocate ld the axial direction. The radial clearance between the outer 
surface of the first outer sealing mandrel 2735 and the inner surface of the 
casing 2790 may range, for example, froin about 0.025 to 0.375 inciies. In a 
preferred embodiment, the radial clearance between the outer surface of the 
5 first outer sealing mandrel 2735 and the inner surface of the casing 2790 ranges 
from about 0.025 to 0.12^ inches in order to optimally provide stabilization for 
the expansion- cone 2765 during the expansion process. The radial clearance 
between the inner surface of thte first outer sealing mandrel 2735 and the outer 
surfafce of the first lower sealing head 2730 may range, for example, from about 
10 0.0025 to 0.05 inches. InPa preferred Embodiment, the radial clearance between 
the inner surface of the first outer sealing mandrel 2735 and the outer surface 
of the first lower sealing head 2730 ranges from about 0.005 to 0.01 inches in 
order to optimally provide minirn al radial clearance. - 

the outer sealing mandrel 1^35 preferably comprises an annular ' 1 

15 member having substantially cylindrical inner and outer surfaces, ^he first' 
outer sealing mandrel 2735 may be fabricated firoiri any number of <^nventiohai 
commercially available materials such sis; for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the first outer sealing mandrel 2735 is 
20 fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, arid low friction surfack; 1 '* 

The first outer sealirig mandrel 2735 may b^ coupled to the first upper 
sealing bead 2725 using any number of conventional commercially available 
mechanical couplings suctf as, for example, oilfield country tubular goods, 
25 welding/ amorphous bonding, or a standard threaded connection. In a preferred 
embodiment, the first ouCer sealing mandrel 2735 is removably coupled to the 
first upper sealing head 2725 by a standard threaded connection. The first 
outer sealing mandrel 2735 may be coupled to the second upper sealing head 
2745 using any number' of conventional commercially available mechanical 
30 couplings such as, for example, oilfield country tubular goods specialty threaded 
connect! n, welding, amOrph us bonding, or a standard threaded connection. 
In a preferred embodiment, the first outer sealing mandrel 2735 is removably 
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coupled to the second upper sealing head 2745 by a standard threaded 
connection. f . "* ..... r , ; 

The second inner sealing mandrel 2740 is coupled to the first lower ; 
sealing head 2730 and thp second lower sealing head 2750. The second inner 
5 sealing mandrel 2740 preferably comprises a substantially hollow tubular 

member or members. The second inner sealing mandrel 2740^ may be fabricated 
from any number of conventional commercially available materials such as, for 
example, oilfield country ; tubular goods, low.sllQy steel, carbon steel, stainless 
steel or other similar high strength materials. In a preferred embodiment, the 
10 second inner sealing mandrel 2740 is fabricated from stainless steel in order to 
optimally provide itfgh strength, corrosion resistance, and low friction surfaces;. 

The second inner sealing mandrel 2740 may be coupled to v the first lower 
sealing head 2730 using any number of conventional c^joounerciaUy available 
mechanical couplings such as ? for example, oilfield country tabular goods 
15 spedalty tlu-eaded connection, wd 

threaded connection. In a preferred embodiment, , the second inner sealing 
mandrel 2740 is removably coupled to tJie fij-st lower sealing head 2740 by a 
standard threaded connection. , The mechanical coupling between the second 
inner sealing mandrel 2740 and the first lower sealing head 27^0 preferably 
20 includes sealing members 2860. 

The second inner sealing m^ndrjel 2740 mayJbe coupled to the second 
lower sealing head 2750 using any number of coQventional commercially 
available mechanical couplinjgs such as, for example, oilfield country tubular *• 
goods specialty threaded connection, welding^ amorphous hon cfoi f^ or a ^ 
25 standard threaded connection. Jn ^j>reCOTecJ embodiment^ the second inner j 
sealing mandrel 2720 is removably coupled to the second lower sealing head 
2750 by a standard threaded connection. In a preferred embodiment, the / . 
mechanical coupling between the second inner pealing mandrel ,2740 and the i 
second lower sealing head 2750 includes one or more sealing members 2865i 
30 The sealing members 2865 may comprise any number of conventional 

commercially available seals such as, for example; prrings, polypak seals or 
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metal spring energised seals. In a preferred embodiment, the sealing members 
2865 cbmprisepbl^alc sea^'avaUaljie froiri Parker Seals! : ' 1 

The second inner sealing 'mandrel 2740 preferably includes a fluid 
passage 28l0 that is adapted to convey fluidic materials from the 'fluid passage 
5 2805 into the fluid passage 2815: In a preferred embodiment, the fluid passage 
2810>is adapted Id cBnvey fimdic ntete\4als such as, for example, cement, epoxy, 
water) drilling mud of lubricants at ^ operating pressures and flow rates ranging 
from about O to 9,000 psi and 0 to 3,000 gallons/minufe: 

The second upper sealing head 2745 is coupled to' the first upper sealing 
10 head 2725^e first outer sealm| mandrel 2735, the second outer sealing ' 
mandrel 2755, and the expansion cone 2765. The -second upper sealing head 
2745 is also movably coupled to the outer surface of the second inner 'sealing 
mandrel 2740 and the inner suiface of the casing 2790. In this manner, the 
second upp^sea&ig i h^2to reciprocates in the axial direction. The radial 
15 clearance between the inner cylindrical surface of &e second upper sealing head 
2745 andthe outer surface of th4 second inner sealing mandrel 2740 may range, 
ft* example, from about 0:0025 to 0.05 inches. In a preferred embodiment^ the 
radial <dearance between thS inner cylindrical surface of the second upper 
sealing head 2745 and the' butersurface olPthe second ihner seahng mandrel 
20 2740fangesfromabout%005 £o ? 0:d^ 

minimal radial clearance. The radial clearance bWween ^e o^ter^lmdrical 
surface of tfie second upper sealing, kead 274S ana the mner surface of the ' 
casing 2790 niay i^ge/for exaniple, from about 6.625 to .375 inches * In a 
preferred embodiment, the radial deface between the outer cylindrical 
25 surface of thd second uppCT sea^ 

casing 2790 ratiges fx^m^Sut 0.025 to 0.125 mcS^s in order to optimally 
provide stabilizatibri for the expansion cone'2765 during the expansion process. 

The second upper sealing he^ 12745 preferably comprises an annular " 
member having substantially cylindrical inner and outer surfaces. The second 
30 upper sealing head 2745 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield country tubular 
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goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the secondupper sealing head 2745 is * 
fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. The inner surface-of the second 
5 upper sealing head 2745 preferably includes .one or more annular sealing 

members 2870 for sealing the interface, between jthe second upper sealijig head/ : 
2745 and the second inner sealing mandrel 2740. The sealing members 2870. 
may comprise any number of conventional, commercially available annylar : 
sealing members such as, for example, Orrings, polyp^ s^s,^ ^ 

10 energized seals. In a preferred embodiment, the sealing members 2870 \ ■ 
comprise polypak sealsi available froi£ r Parker; ?eaLs ua order^tp optimally < -h s i 

provide sealing for long axial strokes. ■ , . v , 

In a preferred embodiment, the s<^ond upper sealing head 2745 includ§sr 
a shoulder 2«75 for suj^rting the^secojid uppgr s^dwg^ea^ 5 ^^ an |the; ; ' • . 

15 second lower sealing head 2750. ■ ■ . i • • - i. 

The second upper sealing head 2745 may be coupled to the first outer s » 
sealing mandrel 2735 using any number of con venti^al commercially ^vay able 
mechanical couplings such as, for example, drillpipe connection, oilfield cojimtry 
tubular goods specialty threaded ronn,ection, ratchet-latch type threaded 

20 connection, or a standard threaded 9onnectio^. r In a preferred embodiment, tike: 
second upper sealing head 2745_ is remov^ly <^ the^fiij^t outer sealing 

mandrel 2735 by: a standard tb^^ded cQnnectipn. In a preferred embodiments 
the mechanical coupling between the second upper sealing head 2745 ^nd tfye\ y 
first outer sealing mangel ^735 mdudes or more sealing members 238(J.fgr. 

25 fluidicly sealing tie interface b^ 

the first outer sealing mandrel 2735. The sealing menders 2880 may comprise >-> 
any number of conventional commercially available sealing members such as, , 
for example, o-rings, polypak seals or metal spring energized seals. In a 
preferred embodiment, the sealing members 2880 comprise polypak seals 

30 available from Parker Seals in order to optimally prQyide sealing for a long axial 
stroke. * 
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1 : : ^ The second upp£r sealing head 2745 may be coupled to the second outer 
sealing mandrel 2755 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection/or a standard threaded 
5 connection." In 'a preferred embodiment^ the second upper sealing head 2745 is 
removably coupled to the second outer sealing mandrel 2755 by a standard 
threaded connections In a preferred embodiment the mechanical coupling 
between'the second upper sealing head 2745 and the second outer sealing 
mandrel 2755'includes one or more sealing members 2885 for fluidicly sealing 
10 the interface between the second upper sealing head 2745 and the second outer 
sealing mandrer2755. The sealing members 2885 may comprise any number of 
conventional commercially available sealing members such as, for example, o- 
rings, polypak seals or J inetal spring energized seals. In a preferred 
embodimehVtheVealijag niembers 2835 comprise polypak seals available from 
15 Parker Seals in order to optimally provide^eaWg for long axial strokes. 

The second lower sealing nead 2750 is coupled to the second inner 
sealing mandrel 2740 and the load mandrel 2760. The second lower sealing 
hea&2750 is also movabiy coupled to the inner surface of the second outer 
sealing mandrel 2765. 1 In this manner, the first upper sealing head 2725, the 
20 first outer sealing mandrel 2735, second upper sealing! head 2745, second outer 
sealing mandfel ? 2755, and the expansion cone 2765 reciprocate in the axial 
directions The radial clearance between tne outer surface of the second lower 
sealing head 2750 and'the inner surface of the second outer sealing mandrel 
2755 may range, for example, from' about 6.0025to 6.65 inches. In a preferred 
25 embodiment, the radial 5 clearance between the outer surfaceof the second lower 
sealing head 2750 and the inner surface of the second outer sealing mandrel 
2755 ranges from about 0:005 to ? 0:0i inches in order to optimally provide 
minim al radial clearance. " 

The second lower sealing head 2750 preferably comprises an annular 
30 member having substantially cylindrical dinner and outer surfaces. The second 
lower sealing head.2750 may be fabricated from any number of conventional 
commercially available materials such as, for example! oilfield country tubular 
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goods, low alloy steel, carbon steel, stainless steel or cth^r similar high;strength 
materials. In a preferred embodiment, the second lqwer sealing head 2750 is , 
fabricated from stainless steel in order to optimally provide high, strength, 
corrosion resistance, and low friction surfaces. The outer surface of the second 
5 lower sealing head 2750 preferably includes one or more anwil^r sealing . 
members 2890 for sealing the interfa.ce between the second lpwer sealing head % 
2750 and the second outer scaling mandrel 2755. The sealing members 51890 
may comprise any number of conventional commercially available annular, ? 
sealing members such as, for example, o-rings, polypak seals or metal SRi*n& . 
10 energized seals. In a preferred embodiment, the sealing members 2890 
comprise polypak seals available from Parker Seals in order to optimally* 
provide sealing for long axial strokes. ^ 

The second lower sealing head 2750 may be <»^pl^^ 
sealing mandrel 2740 using any number ojF TOny^ntiqnal cpn^erq^y ay^ahle 
15 mechanical couplings such as, for^a^le, d^ 

tubular goods specialty threaded connectiop, ratehet-iatch ty^. threaded 
connection, or a standard treaded connection,. In a pr<eferre£ embodiment, the 
second lower sealing head 2750 is removably goupled to. the second inner seaUngi 
mandrel 2740 by a standard threaded connection. In a preferred embodiment* 
20 the mechanical coupling between the second lqwer sealing head .2750 and the - 
second inner sealing mandrel 2740 includes one oy moire sealing igen^ers 2895 , 
for fluidicly sealing the interface between the second sealing head 2750and the 
second sealing mandrel 274Q. The se^g mepibers 2895, may, comprise any 
number of conventional commercially available sealing.n*embers such as for 
25 example, o-rings, polypak seals or metal spring energised seals, la a preferred 
embodiment, the sealing members 2895 comprise polypa^ seals available from 
Parker Seals in order to optimally provide sealing; for a.long axial stroke. 

The second lower sealing head 2750 may be coupled to the load mandrel r 
2760 using any number of conventional.commerdally available mechanical 
30 couplings such as, for example, drillpipe connection, oilfield tubular goods 

specialty threaded connection, ratchet-latch type threaded^ connection,, or a. ci 
standard threaded connection. In a preferred embodim nt, the second lower 
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sealing head 2750 is removably coupled to the load mahdrei2760 by a standard 
threaded connection. lit a preferred embodiment, the mechanical coupling 
between the" second 16 wer sealing head 2750 and the load mandrel 2760 
includes one or more sealmg members 2900 for fluidity sealing the interface 
5 between the second lower sealing head 2750 and the load mandrel 2766. The 
sealing members 2900 may comprise any number of conventional commercially 
available sealing members such as, for example, o-rrngsj polypak seals or metal 
spring energiWseals. In a preferred einbodiment, the sealing members 2900 
comprise polypak seals available from Parker Seals in order to optimally ' ' ' 
10 provide sealing for long axial strokes. 

c r y. Jn a preferred embodiment, the second lower sealing head 2750 includes 
a throat passage 2905 fluidicly coupled between the fluid passages 2810 and 
2815. The throat passage 2905 is preferably of reduced size and is adapted to 
recede and engage wia a plug 29 
15 the fluid passage 2810 is fluiciicly isolated from the fluid passage 2815. In this f 
manner, the pressure chambers 2915 : ^cl 2920/^ 

plurality of pressure chambers in t£e apparatus 2700 pirmits the effective 
driving force to bei multiplied. While iUustrated using a pair of pressure 

4 chambers,- 2915 and 2920, the apparatus 2700 may be furtbW modified to' ' 

,20, employ additional pf ensure chambers*. ' ; ^ i/ 

'• Thes ^ nd outer sealm^ 
sealmg head 2725, *he-fWo^ 

sealing head 2745, and the expansion done 'ii^y i I^aemd6v^'UaSng' t 
mandrel 2755 is also ihovably coupled to the inner sirface of the easmg 2 

25 and the outer surface** th«i second lower seeding head 2750: In ihis manner, 
the first upper sealing head 2725, firsi outer sealing mandrel 2735, second ' 
upper sealing head 2745, second outer sealing mandrel 2755, and&e expansion 
cone 2765 reciprocate in the axial direction.' ' 

The radial clearance between the outer surface of the second outer * 

30 sealing mandrel 2755 and the inner surface of the casing 2790 may range, for 
example, from about 0.025 to 0.375 inches. In a preferred mbodiment, the 
radial clearance between the outer surface of the second outer sealing mandrel 
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2755 and the inner surface of the casing 2790 ranges from about 0.025 to 0.125 
inches in order to optimally provide stabilization for the expansion cone 2765 
during the expansion process. The radial clearance between the iqner surface 
of the second outer sealing mandrel 2755 ai^d the outer surface .of .the second 
5 lower sealing head 2750 may range, for exaxnple r from about 0.0025 tp 0.05 
inches. In a preferred embodiment, the radial clearance between the inner 
surface of the second outer sealing mandrel 2755 and the qutsr surface of the «/ . 
second lower sealing head 2750 ranges from aJ?o*it 0.005 to 0.01 inches in order 
to optimally provide minimal radial clearance^ >; ,■• 

10 The second outer sealing mandrel 2755 preferably comprises an annular 

member having substantially cylindrical innqr and outer^surfaces. , The second 
outer sealing mandrel 2755 may be fabricated from any number of conventional 
commercially available materials such, as, for, c^unple, oilfield cqianfcy tubular 
goods, lpw aUoy ( st^, qr qtfat^similar high, strength 

15 materials. In a preferr^i ei^odiiQe^^^ 

fabricated froiri stainless steel in order, to. optimally provide high strength,- ; 
corrosion resistance, and low friction ^ , 

The second outer sealing mandrel 2755 ^may be. coupled to the second 
upper sealing head 2745 using any number of conventional .commercially 
20 available mechanical couplings such as* for example, drillpipe connection, 

oilfield country tubular goods specialty, threaded connection, ratcbetjatch type 
threaded connection or a standard threaded connection, Ijn a preferred va 
embodiment, the second outer, sealing mandrel 2755 is removably txmpled to 
the second upper sealing head 2745 by |i standard threaded connection- The 
25 second outer sealing mandrel 2755> may be coupled to t^jB expansion cone 2765 
using any number of conventional commercially available mechanical couplings 
such as, for example, drillpipe connection, oilfield cmuatry tubular goods 
specialty type threaded connection, ratchetrla^tch type threaded connection, or a 
standard threaded connection. In a preferred embodiment, the second outer 
30 sealing mandrel 2755 is removably coupled, to th$ expansion cone 2765 by a 

standard threaded connection. , 
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The load mandrel 2760 is coupled to the second lower sealing head 2750 
and the mechanical slip body 2755. The load mahdrel 2760 preferably 
comprises an annular member having substantially cylindrical inner and outer 
surfaces. The load mandrel 2760 may be fabricated frdin any number of 
5 conventional commercially available materials such as, for example, oilfield 
cdimtiy tubular goods, low allby steel, carbon steel, stainless steel br other 
similar high strength-materials. In a preferred embodiment, the loid mandrel 
2760 is fabricated from stainless steel in order to optimally provide high 
strength, corrosion resistance, and low friction surfaces. " M ; & 

10 The load mandrel 2760 may be coupled to tfce second lower sealing head 

2750 using any number of conventional commercially available mechanical 
couphngssuph as, for example, drillpip£ coimectibn, oilfield coiintry tabular 
goods sj^adly t^ ratchet-latch type threaded r 

<nmie$ic^ connection. In a preferred embod^eht, thi^ 

,15 loadmandrel 2760 is removably coupled to thes second lower Wealing h^& 27&6 '* 
by a : st^^^tthreaded cionnettioii; The load inandrel 2760 may be coupfed ^ 
the mechanical slip body 2775 using any number of conventional coinmferaally ? 
available mechanical couplings such as, for example, drillpipe connection, ? ^ - 
oilfield countey tubular goods specialty type threaded connection, ratchet-latBh^ 
20 type threaded connection or a standard threaded connection. In a preferred c 
embodiment,; tjhe load maiidrel 2760 ik removably coupled to the mechanical slip ^ 
body 2775 by a standard threaded connection. s 

The load mandrel 2760 preferably includes a fluid passage 2815 that is a 
adapted to convey fluidic materials from the fluid passage 2810 to the fluid 
25 passage 2820. In a preferred embodiment, thie fluid passage 2815' is adapted to 
convey fluidic materials such as, for example, cement, iepoxy, water, drilling 
mud or lubricants at operating pressures aiid flow rated ranging from about 0 to 
9,000 psi arid 0 to 3;000 gallons/minute. > , i 

The expansion cone 2765 is coupled tci the second outer sealing mandrel 
30 2755. Th expansion cone 2765 is^also iribvably coupled to th6 inner surface of 
the casing 2790. In this manner, the first upper scaling head 2725, first outer 
sealing mandrel 2735, second upper sealing head 2745, second outer sealing 
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mandrel, 2755, and the expansion cone 2765 reciprocate in the axial direction. 
The reciprocation of the expansion cone 2765 causes the casing 2790 to expand, 
in the radial direction. r 

The expansion con? 2765 preferably comprises an annular member 
5 having substantially cylindrical inner and conical outer surfaces.. The putside . 
radius of the outside conical surface may range, for example, from about 2 to 34 
inches. In a preferred embodiment, .the outside radius of the outside conical 
surface ranges from about 3 to. 28 inches in order to optimally provide- t \« . * * 
expansion coi*e dimensions that accommodate the typical range of casings. The- 

10 axial length of the expansion cone 2765 may range, for example, from about 2 to 
8 times the largest outer diameter of the expansion cone 2765. In a preferred 
embodiment, the axial length oij the expansion cone 2765 ranges frqux about 3 
to 5 times; the. largest outer diameter of the expansion icqxi$J21$5 in order^W 
optimally provide stabilization and centr^ajfzattqn of the expansion cone 2765; 

15 In a preferred embodiment, the angle of attack, of the expand ? 
ranges from aboii^ ,ta4?Q degrees in order to optimally balance frictional forges 
and radial expansion forces. , , ;r fl u > . . 

The expansion cone 27§5i t may be fabricjat^d.from any number of i . 1 
conventional commercially available materials such as, for example, machine" 

20 tool steel, nitride pteel, titanii t un» tungsten carbide, ceramics or qther, similar ' ; 
high strength jmajte^ a prrfOTrecl embodiment, the expansion cone 2765,. 

is fabricated from D2 machine tool steel in- order to optimally provide high : 
strength and resistance tq ^coixosion wd galling. In a particularly preferred ; 
embodiment, foe outeide ^ . m 

25 hardness ranging from about 58 to 62 Rockwell C in order tp optimally provide 
high strength and insistence -^ear. wd f galling, > 

The expansion cone 2765 may be coupled to the second outside sealing 
mandrel 2765 using any number of conventional commercially available v 
mechanical couplings such as, for example, drillpipe connection, oilfield country 

30 tubular go ds specialty type Treaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In a preferred embodiment, the 
expansion cone .2765 is coupled to the second outside sealing mandrel 2765 
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using a standard threaded connection in order to optimally provide high 
strength and easy replacement of the expansion cone 2765^ 

The mandrel launcher 2770 is coupled to the casing i2790! The mandrel 
launcher 2770 comprises a tubular section of casing having a reduced wall 
5 thickness compared to the casing 2790. In a preferred embodiment, the wall 
thickness of the mandrel launcher 2770 is about 50 to 100 % of the wall 
thickness of the casing 2790. The wall tliickness of the mandrel launchfer 2770 
may range , for fexample, from about 0.15 to 1.5 inches. In a preferred 
; embodiment, the wall thickness of the mandrel launcher -2770 rangef%om 
10 about 0.25 to 0.75 inches. In this manner, the initiation of the radial Mansion 
of the casing 2790 is facilitated, the placement of the apparatus 2700 within a 
wellbore casing and wellbore is facilitated, and the mandrel launcher 2770 has a 
burst strength approximately equal to ttiat of the caking 2790. - 
. : The mandrel lfi£uridher !2776 may be coupled Wtitie ca&iiig 2790 tising any 
15 number of conventional mechanical couplings! sSdh ks? for example, a&idard 
,,,, threaded connection. The mandrel launcher ^70rmay be f^ri^ted ftom any 
^ number of conventional commercially avaUable materials such as, for Sample, 

oilfield country tubular goods, low alloy steel, carbori^Steel, Stainless steel, or 
^ other similar high strength materials. In a preferred ^^odiinfeht, the mandrel 

29 launcher 2770 is fabricated from oilfield country tubular gobds^f higher 

^ strength thdn that of the casing 2790 but wi& a reduced Wall thickness in order 
>, to optimaLy pro vide a small compact tubular container having a burst strength 
- t - approximately equal to that of the casing 2790. 

The mechanical slip body 2775 is couplet! to the load mandrel 2760, the 
25 me<&am<^ sUiw 2780^and t^ 
„ 2775 preferably comprises a tubular member having an Inner passage 2820 " 
f fluidicly coupled to the passage 2815; In this manner, fluidic materials may be 
conveyed from the passage 2820 to a region outsidVof the apparatus 2700. # 
The mechanical slip body 2775 may be coupled to the load mandrel 2760 

30 using any number of conventional mechanical couplings. In a preferred > 
embodiment, the njecfianical shp body 2775 is removably coupled to the load 
mandrel 2760 using a standard threaded connection m order to optimally 
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provide high strength and easy disassembly. The mechanical slip body 2775 
may be coupled to the mechanical slips 2780 using any number of conventional 
mechanical couplings. In a preferred embodiment, the mechanical slip body 
2755 is removably coupled to the mechanical slips 2780 using threaded 
5 connections and sliding steel retainer rin^ in^ order to optimally provide a high 
strength attachment. The mechanical slip body 2755 may be couplecLtq ,the 
drag blocks 2785 using any number of conventional mechanical couplings. In a 
preferred embodiment, the mechanical slip body 2775 is removably coupled to, 
the drag blocks 2785 using threaded connections and sliding steel retainer rings 
10 in order to optimally provide a high strength attachment, ; . 

The mechanical slip body 2775 preferably . includes a fluid passage 2820 
that is adapted to convey fluidic materials from the fluid passage 2§15 to the 
region outside of the apparatus 2700. In a preferred embodiment, the fluid 
passage 2820 is adapted to convey fliiidUc materials such as, for example, 
15 cement, epoxy, water, drilling n^ud or lubri and 
flow rates ranging from about 0 psi and 0 to 3,000 gallons/minute, / 

The mechanical slips 2780 are coupled to the outside surface of the , 
mechanical slip body 2775. During operation of the apparatus 2700, the 
mechanical slips 2780 prevent upwarci movement of the casing 279Q and 
20 mandrel launcher 2770. In #iis manner, during the axial reciprocation of the 
expansion cone 2765, the casing 2790 and mandrel launcher 2770 
maintained in a substantially stationary position. In this manner, the mandrel 
launcher 2765 and casing 2790 and mandrel launcher 2770 are expanded in the 
radial direction by the axial movement of the expansion cone.2765, 
25 The mechanical slips 21780 may comprise any number of conventional > f 

commercially available mechanical slips such as, for "example, RTTS packer 
tungsten carbide mechanical slips, RTTS packer wiqker typ>e mechanical slips or 
Model 3L retrievable bridge plug tungsten carbide upper mechanical slips, In a 
preferred embodiment, the mechanical slips 2780 comprise R'fTS packer 
30 tungsten carbide mechanical slips available from Halliburton Energy Services 
in order to optimally provide resistance to axial inoyement of the casing 2790 
and mandrel launcher 2770 during the expansion process. , , , ; • _ ; 
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' The drag' blocks 2785 are coupled' to the oufside siirifafce of the ' 
mechanical slip body 2775. During operation of the apparatus 2700, the drag 
blocks 2785 prevent upward movement b ! f the casing 2790 and mandrel 
launcher 2770. - In this manlier," during the axial reciprocation of the expansion 
5 cone 2765, the casing "2790 and mandrel / launcher 2770 are niaintained in a 
substantially stationary pbsition. In this manner, the mandrel launcher 2770 
and casing -2790 are expanded m the radiat direction by the axial movement of 
the 'expansion eone 2765*. ' ' ' " ' ' " 1 

The drag blocks 27135 may comprise any number of conventional 
10 commefciaUy available mechanical slips such as, for example, ItTTS packer 
mechanical drag blocks or Model 3L retrievable bridge plug drag blocks. In a 
preferred embodiment, the drag blocks 2785 comprise RTTS packer mechanical 
drag blocks available "from Hamburion Energy JServices in order to optimally 
preside resistances ?ara^ casihg2790 and mandrel launcher 

15 2770 during the expansion process. * : • - -1 ^ j 

The casing 2790 is coupled to the mandrel launcher 2770. The casing 
2790 is further removably cbupled to the mechanical slips 2780 and drag blocks 
2785. The casing 2790 preferably comprises a tubular member. The casing 
279a may be fabricated from any number of conventional commercially 
20 available material such as, for example, slotted tubulars, oilfield country 

tubular goods, low alloy steel, carbon steel, stamless steel or other similar high 
strength materials. In a preferred embodiment^ the casing 2790 is fabricated 
from oilfield country tubular goods' avaUanle from various foreign and domestic 
steel mills in order-to optimally provide high strength using standardized 
25 materials. In & preferred embodiment, the upper end of the casing 2790 
indude3 'one or more i sealing members positioned about the exterior of the 
casing 2790. 

During operation, the 'apparatus 2700 is positioned in a weUbore with the 
upper endof the casing 2790 positioned in an overlapping relationship within 
30 an existing wt^bdre casing, fn order mmimize surge^^ pressures within the 
borehole during placement of the apparatus 2700, the fluid passag 2795 is 
preferably provided with one or more pressure relief passages. During the 
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placement of the apparatus 2700 in the weUbpre, the. casing 2790 is, supported 
by the expansion cone 2765. : ^ - . , 

After positioning of the apparatus 27Q0 within the bore hole in an , / \ 
overlapping relationship with an existingqection pf weljbore /casing, a first 
5 fluidic material is pumped into the fluid passage 2795 from a surface location* 
The first fluidic material is conveyed from the fluid p^ssjage-2795 to the fluid 
passages 2800, 2802, 2805, 2810, 2815, a^d 282.Q. The first fluidic material will 
then exit the apparatus 2700 and fill the annular region between the outside of 
the apparatus 2700 and theintgrior walls of the bore hole. 
10 The first fluidic material may comprise any number of conventional 

commercially available materials such as, for example, epoagr, drilling mud* slag 
mix, water or cement, In;a^referr^d embodiment, the first fli^dic pmteri c 
comprises a hardenable^flui^ ma^lt^^ §^ --■> 

epoxy, or cement. , pi*ter annular v 

15 layer of a harden^le material may be formed. , .......... v-, a ti ; . V 

The first fluidic i^at^ri^vma^f be jumped i^ito the apparatus 2700 at 
operating pressures iipdhflojy r^to^^mg, for example, Jfrom about 0* to 4,500 
psi and 0 to 3,000 gaUons/nimu|e, .., In a preferred embodiment, the first fluidic ; l 
material is pumped intc« the apparatus 2700 at operating pressures and flow 
20 rates ranging from about 0;to 3,500 t psi and 0 to .1,200 J^ons/niinute in order 
to optimally provide operational efOdency, .. . . L- . 

At a predetermined point in the injection of the first fluidic material such 
as, for example, after the annular region outside of the apparatus 2700 has been 
OUed to a predetermined level, aplug 2910. dart, or other similar device is - 
25 introduced into the firat fluidic material. £he^h^:2910,lqdges in the throat 
passage 2905 thereby fluidicly isolating the Quid passage, 2910 from the^fluid . ; 
passage 2815. • - . % 

After placement of the plug 29J.0 in the throat passage 2905, a second 
fluidic material is pumped mto the fluid passage 2795 in orders pressurize«the 
30 pressure chambers 2915 and 2920. The second fluidic material niay comprise 
any number of conventional commercially available materials such as, for UJ.9- : 
example, water, drilling gases, drilling mud or lubricante.; In a preferred r:, 0 
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embodiment, thp second fluidio material comprises a non^hai-denahiie fluidlc 
material such as, for example, water, drilling mud or lubricant: The use of 
lubricant optimally provides lubrication of the moving parts of the apparatus 

5 The secqnd.fluidic material inay be pumped into the apparatus 2700 at ' 

operating pressures and flow rates ranging, for example, from about 0 to 4,50(i 
psi smd 0 to 4,500 g^llong/nlinute. In a preferred enibodimeht^ the second 
fluidic material is pumped into the apparatus 2700 at operating pressiires an<T 
flow rates ramgmg-from about 0 to 3,500 psi and|0 to 1,200 galibhs/minute in Si 
10 order to optimally provide operational efficiency. 1 

r ^ : The pressurixation of the:pressure chambers 2915 and 2920 cause the 
, u PP? r sealing beads, 2725 and 2745, outer s^l^g Mandrels, 2735 arid 2755, 
and e^>aa3io^^ii^765;tom6.v^ ih^an a^^di^ctipn. As the expansion cbri6 
2765 moves in the a»s&direp£on^1&e pulls the mandrel 

JL5 launcher 2770,> casing 2^ '> 

me^anic^ sl^*278a^ 
^ launcher 2770 and casing 2790. IH th^ i^m^^^^ sx^l movement oT the " 
expansion cone 2765 radially ^expands the E^dr^ 1 Jatmcher 2770 knd casing 



2790. ./.c . f<l 



20 , Qnce the upper sealing heads, 2725' and 2p5, oiitier sealing mandrels, 

2735 an4 2755, and expansion cone 1 2765 complete an ^al Stroke, the ' 
operating pressure of ithe secdhd ilxiidic material is reduced and the drfl siring 
2705 is raided. This causes the miisr sealing mandrels; 2720 and '2740, lower 
sealing heads, 2J30 andL3750, !oad sxandrel 2730; &nd inecliaiiical slip body 

25 2755 to move upward, ?his *onsets;,£he mechanical slips 27S0 and penriite the 
mechanical slips 2780;and d^ Mocks 2785 to be moved upward vwttdtf thfe ^ 1 
mandrel launcher 2770, and casing 2790. When iSe lower sealihg hea&£ 2730 
and 2750, con tact the xipper sealing* heads, 2725 and 2745, tt^ second^fluidic 
material is a^ain pr^imzed^and the radial sxpansion process continues. In 

30 this manner, ^he mandrel launch^ 2770 arid^ing 2790 are radiaUy^expaiided 
through repeated axial strokes of the upper sealing heads, 2725 and 2745, outer 
sealing mandrels, 2735 and 2755, and expansion cone 2765. Throughout the 
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radial. expansion, process, the, upper end. of the casing- 2790 is preferably ''' 
maintained in an overlapping relation with- an existing section of weUbore 
casing, f • . . . .. .< , ... ._ ,. u , •< ■ . . > ... 

At the end of the radial expansion process, the upper end of the casing 
5 2790 is expanded into intimate contact, with the inside surface of the lower end 
of. the existing weUbpi-e casing. In aprefera-edeinbodimerit, the sealing ' l - 
members provided at- the upper end qf the casing 2790 provide a fliiidic ieal '* 
between the outside surface of th« upper end of thecasing 2790 and the inside f] 
surface. ;> of the lower end of the existing weUbore casing. In k preferred ■ " 
10 embodiment, the contact pressure between the casing 2790 and the existing f 

section of weUbore casing ranges from about 400 to 10,000 In order to optimally 
<r Proj^^ntect Pressure for activating tfee-jBealiftg menibersy provide 1 op#msu A * 
resistance,t9 ^axial rnpyement of the expanded casing, and ojititeaUy relist^" ; * 

li> :«/ ^.:^^f^rn^^aa^^Bs^.ti asjb« exparision cohe 2765 nears the end of r 
* .^a<^mg.27^0, the a operatmg,prejs^ fluidic^teMal^^iiced ^ 

.. : to,rm^u^e ; s]U,ockvjto ^heapparatais 2700. In an alternative ^ ; ^ Uj 

^P^im^i^the apparatus, 2700 inclwdes a shock absorber for absortfmg&e A 
sho <%S eate< l?! , y completion of the radial expansion of the casing 2790? ' 
20 l n a preferred embodiment, fche, reduced operating pressure of the second' ' 

fluidic material ranges r fr m as the^expansioh con£ ^765' ^ 

nea f ^ e end ^<ke c^g L 27.9Q in.ordej.to ©ptamally provide deduced ixiaf 
movement and velocity of ^expansion cone 2765; In a preferred embodiment, % 
the operating Rressure of the.secopd'fluidic material is reduced during the 
25 return stroke of the apparatu§ 2700^ 016 range of about O to 500 psTin order 
minimke,t^erisiatance to $he movement bf the expansion cone 2765 durulg the 
return stroke. In a preferred embodiment, the stroke length of the apparatus 
2700 ranges from ahout 10 to 45 feet in order to^riptimally provide equipment " J 
that can be eastty handled r by typical oil well rigging equipment andMhimiie ' 
30 the frequency at which the ap Pi aratus^700 must ^ re-stroked during an 1 '* 
expansion operation. s . . • -., : . » :( 
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In an alternative embodiment, at least a portion of the upper sealing 
heads, 2725 and 2745, include expansion cones for radially expanding the 
mandrel launcher 2770 and casing 2790 during operation of the apparatus 2700 
in order to increase the surface area of the casing 2790 acted upon during the 
5 radial expansion process. In this Manner, the operating pressures can be 
reduced. 1 - • '• ; - • '•' ' 

In an alternative embodiment, mechanical slips are positionedfin an axial 
location between the sealing sleeve 1915 and the first inner sealing mandrel 
3 t 2720 in order to optimally provide a simplified assembly and Operatioit of the 
10 apparatus 2700. 

5 Upon the complete radial expansion of the casing 2790, if applicable, the 
first fliiidic material is permitted to cure within the annular region between the 
outside of tte'^pslitdM'-i^uM^ 2790 and the interior walls of the wellbore. In 
the'case where the ctomg 2790 is slotted, the cured fluidid material- preferably 
rf 15 permeates arid en velops the' expanded: casing;2jZ90:t^this manner; a new 
i section of wellbore casing is forhled within a wellbore. i Altemativeiyf the 

apparatus 2700 may be used to join a : first section of pipeline to an existing 
r ; section of pipeline. Alternatively, the apparatus 2700 may be us ed to dir ectly 
sw? Iine the interior of a wellbore with a casing, without the use of an outer annular 
20 layer of a hardenable material. Alternatively, the apparatus 2700 may be used 
to expand! ai tubular support member in a hole! ' " ■< ' 

During the radial expansion process, the pressurized areas of the 
apparatus 2700 are limited to the fluid passages 2795, 2800, 2802, 2805, and 
._. 2810, and the pressure chambers 2915 and 2920. Ho fluid pressure acts directly 
25 on the mandrel launcher 2770 and casing 2790.' This* permits the use of 
operating pressures higher than the mandrel launcher 2770 and casing 2790 
could' normally withstand. * ;? 

Referring now to Figure 20, a preferred embodiment of an apparatus ' 
3000 for forming a mono-diameter wellbore casing will be described. The ' 
30 apparatus 3000 preferably includes a drillpipe 3005, an innerstring adapter 
3010, a Sealing sleeve '3015, a first inner sealing mandrel 3020, hydraulic slips 
3025, a first upper sealing head 3030, a first lower sealing head 3035, a first 
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outer sealing mandrel 3040, a second inner sealing mandrel 3045, a second 
upper sealing head 3050, a second lower seadiag head 30$5, a segond outer 
sealing mandrel 3060, load mandrel 306j5, expansion cone 3070, casing 3075 
and fluid passages 3080, 3085, 3090, 3095, 3100, 3105, 3110, 3115. and 3120. i: 
5 The drillpipe 3005 is coupled to the iaperstring adapter 301Q. During 

operation of the apparatus 3000, the drillpipe 3005 supports the apparatus ,< 
3000. The drillpipe 3005 preferably comprises a substantially hollow titular 
member or members. The drillpipe 3005 may be fabricated from any number of 
conventional commercially available materials .such as, for example, oilfield: 
10 country tubular goods, low alloy steel, carbon steel, stainless steel or other * , 
similar high strength materials. In a preferred embodiment, the drillpipe 3005 
is fabricated from coiled tubing in order to faciEate the p^oenjent of the , 
apparatus 3000 in non-vertical wellbores. ^he, driU^i^ ^Qfe ^ay be coupled to 
the innerstring adapter 3010, using any, number pf ^pi^veutionai commercially ■ 
15 available mechanical couplings s^ch aa, fp^ connection, : V 

oilfield country tubular goods specialty threaded connection, or a standard 
threaded connection. In a preferred embodiment, the ^rillpipe 3G\05 is 
removably coupled to the inn^tring adapter 3010 by ,a drillpipe connection. 
The drillpipe 3005 preferably includes a, fluid passage 3080 that is 
20 adapted to convey fluidic materials from a surface location into the fluid 

passage 3085. In a preferred embodiment, the fluid passage 3080 is adapted to 
convey fluidic materials such as, for example, cement, eppxy, water, drilling 
mud or lubricants at operating pressures and flow rates ranging from about 0 to 
9,000 psi and 0 to 3,000 gallons/mini*te. ' , , , 
25 The innerstring adapter ,3010 is coupled ^> the drill string 3005 and the 1 

sealing sleeve 3015. The innerstring adapter 30]L0 preferably comprises a 
substantially hollow tubular member or members. The innerstring adapter * ; 
3010 may be fabricated from any number of conventional commercially 
available materials such as, for example, oilfield country tubular, goods, low .: ; f 
30 alloy steel, carbon steel, stainless steel, or other similar high strength materials. 
In a preferred embodiment, the inneptring adapter 3010 is fabricated from , 
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stainless steel in order to Optimally 'provide high strength^ corrosion resistance, 
and low friction surfaces. 

The inn'erstrihg adapter 3010 may be coupled to the drill string 3005 
using any number of conventional commercially available mechanical couplings 
5 such as, for example; drlllpipe connection, oilfield country tubular goods 
specialty type threaded connection,' or a st^dard threaded connection. In a 
preferred embodiment, the innerstring adapter 3010 is removably coupled to ? 
the drill pipe 3005 by a drillpipe connection. T*ne innerstring adapter 3010 may 
? be coupled to the sealing sleeve' 3015 usmg any number of conventional ^ c * 
10 commercially available mechanical couplings such as, for example, drillpipe 
connection, oilfield country tubular goods specialty type threaded connection, 
ratchet-latch type threaded connection br a'standard threaded connection. In a 
. v£ - preferred emb6 

the sealing sleeve' 3015 by a standard threaded connection. H V % 

, 15 * The\innerstrin , g adapter 3010 preferably mcludes a fluid passage 3085" 

that is adapted to convey fluidic materials from the fluid passage 3080 mto the 
... . fl W d Passage 3090. In a! preferred embodiment, the fluid passage 3085 is 

adapted to convey fluidic materials such as, for example! cement, epoxy, water, 
tS dialling mud, or lubricants at operating pressures and flow rates ranging frrim 
,20 about 0 to 9,000 psi and 0 to 3,000 ga^ons/minute' ~ 

r The sealing sleeve 3015 is i coupled to the mheratring adapter 3010 and 
fit $ 16 : P Ist inner sealing mandrel 3020, The sealing sleeve 3015 preferably 
comprises a substantially hollo w ^bular member ot 

sleeve 3015 may be fabricated from any number of conventional commercially 
25 available materials such as; for example, oilfield country tubular goods; low 
alloy steel, carbon steel/stainless steel 6r other similar high strength materials. 
In a preferred embodiment, the sealing sleeve 3015 is fabricated from stainless 
steel in order to optimally provide high strength, corrosion resistance, and low 
friction surfaces. ' *- '" '"' ' 

30 The sealing sleev 3015 may be coupled to the innerstring adapter 3010 

using any number of conventional commercially available mechanical couplings 
such as, for example, drilipipe connection; oilfield country tubular goods 
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specialty type threaded connection, ratche.t-latph type connection or a standard 
threaded connection. In a preferred embodiment, the sealing sleeve 3015 is 
rempvably coupled to the innerstring adapter 3010 \>y a standard threaded 
connection. The sealing sleeve 3015 may be coupled to. the first inner sealing 
5 mandrel 3020 using any number of copveotional commercially available * 
mechanical couplings such as, for example, drillpipe connection^oilfield country 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection or a standard threaded connection. In 3 preferred embodiment, the 
sealing sleeve 3015 is removably coupled to the first inner sealing mandrel 3020 
10 by a standard threaded connection. 

The sealing sleeve 3015 preferably includes a fluid passage 309Q that is 
adapted to conv^iljiidia materials from the fluid passage 3085 into the fluid "h 
passage 3095. In a preferred embodiment, the fluid passage 309Q is adapted to 
-convey fluidic materials such as, for example, cement, epoxy, watei% drilling^ 
15 mud, or lubricants at operating pressures and flow r^tes ranging from about 0 ' 
to 9,000 psi and 0 to 3^000 gaUons/minute. . ^- ^ v 

The first inner sealing mandrel 30^0 is cpupled to the sealing sleeve : 
3015, the hydraulip.j3lips;3025, Mid the first lower sealing head 3035; The first 
inner sealing mandrel 3020 is further movably coupled to the first upper sealing 
20 head 3030. The first inner sealing mandrel 2|020 preferably comprises a 
substantially hollow tubular member or members. The first inner sealing 
mandrel 3020 may b^ fabricated from any number of conventional commercially 
available materials such as, for exfmaple, oilfield coimt^ tubular goods, low - 
alloy steel, carbon steel, stainless steel, or similar high strength materials. In a 
25 preferred embodiment, the first inner sealing mandrel 3020 is fabricated from 
stainless steel in order to optimally provide high strength, corrosion resistance, 
and low friction surfaces, . ; . , 

The first inner sealing mandrel 3020 may be coupled to the sealing sleeve 
3015 using any number of conventional commercially available mechanical 
30 couplings suclji as, for example,, drillpipe connection^ oilfield country tubular 
goods specialty type threaded connection, ratchet-latch type threaded 
connection or a stand^ threaded connection. In a preferred embodiment, the 
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first inner sealing mandrel 3020 is : removably coupled to the sealing sleeve 3015 
by a standard threaded connection. The first inner sealing mandrel 3020 may 
be coupled to the hydraulic slips 3025 using any number of conventional 
commercially available mechanical couplings such as, for example, drillpipe 
5 connection, oilfield country tubular goods 7 specialty type threaded connection, 
ratchet-latch - type threaded connection or a standard threaded connection. In a 
preferred embodiment, the first inner sealing mandrel 3020 is removably 
f coupled to the hydraulic slips 3025 by a standard threaded connection. The 
% st J nn ^" sealing mandrel 3020 may be coupled to the first lower sealing head " 
10 3035<using any number of conventional commercially available mechanical 
couplings such as, for example, drillpipe connection; oilfield country tubular 
: ; ??i ods specialty -type threaded connection,' ratchet-latch type threaded - 
- ^^tf 011 6t * standard threaded connection. In a preferred embobMen^ the 

se^hag mandrel r S620 is renwvarjly roupled to the first ;lo^ seeing ■ 
15. head 3035 by a standard threaded connection. '' '\ • '• ' ^' '^lif '* ■■■■>-■ 

» V i f, Tlie f%t inhW sealing mandrel 3b2b preferW»ly mcludes a fluid pasi^ ^ 
s i p^ 95 ^?^ adapted to convey fluidic materials from the fluid passage 3090 into- 
3 f^P 84 " 58 ^ 3l0 °- In a preferred embodiment, the fluid passa#3§9#is * 

adapted,*© convey fluidic materials such as, for example, vmter, drii^g mud, 
20 cement^epoxy, or lubricants at operatmg pressures and flow rates langmg from 
about 0 to'9,000 psi arid 0 to 3,000 gaUohs/minute. ' ' >4>y--' : = ir . 

- set , !- Ti *? fr** ^n^r sealing mandrel 3020 rurther preferably includes fluid' 
passages^llO that are adapted to con vey fluidic materials from the fluid f 
passage 3995 into the pressure xhambers of tne hydraulic slips 3025. In this*" 
25 manner, the slips 3025 are activated ^ upon tte pressurization of the fluid * 
passage 3095 mtd eohtact with the inside surface of the casing 3075. In a * 
prefeired embodiment, the fluid passages 3110 are adapted 'to convey fluidic * 
materials such as, for example, cement, epoxy, water, drilling fluids or 
lubricants at operating pressures and flow rates ranging from about 0 to 9,000 
30 psi and O to 3,000 gaUons/minute. . - > 7 > 

The first inner sealing mandrel 3020 further preferably includes fluid 
passages 3115 that are adapted to convey fluidic materials from the fluid 

- 195 - 

SUBSTITUTE SHEET (RULE 26) 



\VO 00/77431 



PCT/IL00/00245 



passage 3095 into the first pressure chamber 3175 defined by the first upper 
sealing head 3030, the first lower sealing head 3035, the first inner sealing, 
mandrel 3020, and the first outer sealing mandrel 3040.. During operation of 
the apparatus 3000, pressurization of the pressure chamber 3175 causes the 
5 first upper sealing head 3030, the first outer^ealing mandrel 3Q40, the second 
upper sealing head 3050, the second ^ outer sealing mandrel 3060* and, the 
expansion cone 3070 to move in an axial direction. , ~ • . - 

The slips 3025 are coupled to the outside surface of the ^tinner sealing 
a mandrel 3020, During operation of the apparatus 3000, the slips 3025 aire ; 
10 activated upon the pressurization of the fluid passage 3095 into contact with ; 
the inside surface of the casing 3075. In this manner, t the slips. 3025 maintain 
the c^ing 3075 ui a substantially sta^ . r ... 

sThe slips 3025 preferably include flyid passages £125, pr^ure ^chambers 
, 313Q, spring bias 3135, and slip; men^ , 
15 any number of conventional commeTOally ayaaablje hy^tiljLc slips such ^s, for 
;r • ex*™^. RTTS packer tungsten carbide hydraulic slips or Model 31k retrievable 
. -bridge plug with hydraulic slips. In.a preferred embodiment, the slips 3025 
, . comprise RTTS packer tungsten carbide hydraulic slips available frem ; 

a c Halliburton Energy Services in ordgr to optiiijally pi;p vide resistance to axial 
2Q ? movement of the casing 3075 during the expansion process: < ; - 
i; The first upper sealing head 3030 iscoujjled to the first outer sealing 

mandrel 3040, the second upper sealing head 3050, the second outer sealing 
; mandrel 3060, and the expansion cone 3070. , The first upper sealing head 3030 
<is also movably coupled to the outer surface of the, first inkier sealing mandrel 
25 3020 and the inner surface of the casing 3075. In this manner, the first upper 
sealing head 3030, the first outer sealing mandrel 3040^ tJ»e second upper ? < 
sealing head 3050, the second outer sealing mandrel 3060, and the (expansion , 
cone 3070 reciprocate in the axial direction, . ■ , ■ jV 

The radial clearance between the inner cylindrical surface of the first;- ; : 
30 upper sealing head 3030 and the outer surface of the first inner sealing mandreh 
3020 may range, for example, from about 0.0025 to 0.05 inches. In a preferred 
embodiment, the radial clearance between the inner cylindrical surface of the . 
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first upper sealing* head 303O J attd the outer surface of the frat inner sealing 
mandrel 302G ranges from about 0 005' to 0^01 inches in order to optunaliy 
provide minim al' radial clearance. The radial clearance between the outer 
cylindrical surface of the first tippei 1 sealing head 3030 and the inner surface of 
5 the casing .3075 may' range, for example, from about 01025 to 0.375 inches. In a 
preferred embodiment, -the radial clearance between the outer cylindrical 
surface of/ the first upper "Seating head 303b and the inner surface of the casing 
3075 rangesfrom about 0.025 D to 0.125 inches in order to optunaliy provide 
stabilization for the ^pansion cone 3070 during the expansion process. u * * 
10 j The first upper sealing head 3030 preferably comprises an annular 

memberiteaving substantially cylmdrical inner anct outer surfaces; The first 
c upper sealing head:3030 may be ^ricated from ah'y number of convetikonal I * 
commercially available matOTafe suca 

gopdyj'loiw.allpy steel; 'carbon* steei^ '^tt^titfiw £^ stren|th?maMial# & 
• t 1 ^ a prefer^.^mbodini'en^ theurst upper seeing head 3030 is fabrtoteWrrbm 
r stainless. st^el m order to optin^y provide &gn : strength,' lo&bsioi^m£tJh^ 
v and,lpw;friction surfaced The inner surface of the first upper sealing 'heaW3o36 s 
preferably includes one ormbre annular sealing miBm^aitifiir'^^W^' 
bf^een *ke first' upper sealing head 3030 and the first inrieftseahri^tl 
20 mandrel:302Q. The sealing members -3145 may comprise any number b# y 
conye«tiqna|eonmiercially available annular seahidg members such as/fo* ? H 
example, o-nngs, polypak'sealfl i or metal spring energized seals. In a preferred ' 
embodiment,: the sealing members 3145 comprise poiypak seals availableiom 
Parker seals in order to optimally provide sealing for a long axial stroke. 11 
25 In a preferre&en^odito^ upper sealing head 303o'indudes a " 

shoulder 3150 for supporting the firat ulp^er sealing head^030\ first outer 
sealing mandrel 3040, second' Upper sealing head 3050, second outer sealing * 
mandrel 3060, and expansion cone 3070 oh the first lower sealing head 3035 
The Grst u ^P er seaiili & bead 3030 may btf coupled to me first outer sealing * 
30 mandrel 3040 using any-number of conventional commercially available 

mechanical ^mplings such as, for e^ple/drfflpipe connection, oilfield country 
tubular goods specialty type threaded connection, or a standard threaded 
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connection. In a preferred embodiment, the first upper sealing head 3.030 is 
removably coupled to the first outer sealing mandrel v 3040 by ,a standard 
threaded connection. In a preferred ^bodiment^tliemecha^ 
between the first upper sealing head 3030 the first outer sealing mandrel 
5 3040 includes one or more sealing members 3155 for fluidicly sealing the ■ 
interface between the first upper seali^g^he^d 3Q30 apd the first <w*ter?sealing 
mandrel 3040. The sealing members 3JL55 may romprise^^nw^ef^ofi^ :r-.v2 
conventional commercially available sealing men^bers such as, for example, b-i 
rings, polypak seals, or metal spring enCTgizejl seal^ In ^preferred x j ; r\ 

10 embodiment, the sealing members 3155 comprise j^lyp$k.seal§ available from 
Parker Seals in order to optimally provide sealing foir a long axiaj strike, -u^, 

The first lower sealing head $035 is poupjed to the ;firs^inner sealing * 
mandrel 3020 an4 the second inner u c 

sealing head 3035 is also moyab]^.^ first ( outer 

15 sealing mandrel 3040 T |n <to t maim^%^ sealing head 3030^firat 

outer sealing mandrel SMO^ero^ 

sealing mandrel 3060, and expansion cone 3070,r^prq^te in the axial 
direction. The radial clearance between tfee outei; aiu-face, of the first lower 
sealing head 3035 ^nd tfrg inner surf are p£ ti^e firs^uj>er, sealing mandrel 3040 
20 may range, for example, from about 0.0Q25 to OJD^ inches, ^ .In a preferred < 
embodiment, the radial clearance between .t^outer^^ 
sealing head 3035 and the inner surface* of j^he ou^.seaJing mandrel 3040 , ^ 
ranges from about 0.005 to 0-01 inches in.prdej: tq optimally, pirovide minimal 
radial clearance. . . „ ( Y , inp ; , 

25 The first lower sealing head 3Q35 preferably comprises an. annular 

member having substantially wlindijc^l inner a&d outer surfaces. The first ^ 
lower sealing head 3035 may be fabric^ted frqm any^iunber^of conventional! c 
commercially available materials SU J^, M^ forv example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel other similar high strength 
materials. In a preftrred^ mbodiment, the^ first lower sealing^jttead 3035 is 
fabricated from stainless steel in orc^er tp t pptimally pi;oV?i«J high^strength, 
corrosion resistance, and low friction surfaces. T E he outer surface of the firsts ' 
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lower sealing head 3035* preferably includes one or more annular sealing 
members 3160 for sealing the interface between the first lower sealing head 
3035 and the "first outer sealing mandrel 3040. I'he sealing members 3160 may 
comprise any number of conventional commercially available annular sealing 
5 members such as, for example, o-rings, polypak seals, or metal spring energized 
seals. In a preferred embodiment, the sealing members 3160 comprise polypak 
seals available from Parker Seals in order to optimally provide sealing for a long 
axial stroke. < 5 

The first lower sealing head 3035 may be coupled to the first inner 
10 sealing mandrel 3020 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty ir^pe tlrreaded connection, ratcheMatch type threaded 
connection or a £t^dard t^ In a preferred embodiment, the 

first lower sealing head 3035 is remov^ly coupled to the first inner sealing 
15 mandrel 3020 ^ ^staritiard threaded connection. ; '' In a preferred enAodiment, 
the mechanical coupling between the firsMow^ sealing head 3035 and the first ? 
inner sealirig mandrel 3020 includes one or more sealing members 3165 for 
fluioicly sealing the interface between the first lower sealing head 3035 and the 
first inner sealing mandrel 30120 1*116 sealing members 3165 may comprise any 
20 number 6f conventional commercially available sealing members such as, for 
example, 6-rings, polypak seals, or'metal spring energized seals. In a preferred 
embodiment, the sealing members 3165 comprise polypak seals available from 
Parker Seals in order to optimally provide sealing for a long axial stroke length. 
The first lower sealing: head 3035 may be coupled to the second inner 
25 sealing mandrel 3045 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type' threaded connection, ratchet-latch type threaded 
connection or a standard tiireaded connection. In a preferred embodiment, the 
first lower sealing heMd 3035 is removably coupled to the second inner sealing 
30 mandrel 3045 Dy' a standard threaded connection! In a preferred embodiment, 
the mechanical coupling between the first lower sealing head 3035 and the 
second inner sealing mandrel 304$ includes one or more sealing members 3170 
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for fluidicly sealing the interface between the first lower sealing head 3035 and 
the second inner sealing mandrel 3045. The sealing members 317Q may 
comprise any number of conventional commercially available sealing members 
such as, for example, o-rings, polypak seals or metal spring energized seals. In a 
5 preferred embodiment, the sealing members 3170 comprise polypak seals 

available from Parker Seals in order ^ optimally provide sealing for a long axial 
stroke. 

The first outer sealing mandrel 3040 is coupled to the first upper sealing 
head 3030 and the second upper sealing head 3050. The first outer sealing 
10 mandrel 3040 is also movably coupled to the inner surface of the casing 3075 
and the outer surface of the first lower sealing head 3035. In this manner the 
first upper sealing head 3030, first outer sealing mandrel 3040, second ubner 

sealing head 3050, second outer sealing mandrel 3060, and the expansion cone " ] 

v . .? . . . : j - s '■ " "i ' 0' ■ . . ■ 1 * .i> * v ' t ' J. * £i i. ■ f * j&J r< o :■<; -o;.^.l. • r>- 

307Q reciprocate in the axial direction. The radial clearance between the outer 
15. sirrface of the first outer sealing mandrel 3040 and the inner surfape of ths : ; : 
casing 3Q75 may range, for ex?unple, from about 0.025 to 0.375 inches. In a 
preferred embodiment, the radial clearance between the outer surface pf the 4 
first outer sealing ^ mandrel 3040 and the inner surface of the casing 3075 ranees M 

from about 0.025 to 0.125 inches in order to optimally provide stabilization for 

* : v ; ~.;r : ' ' . /> ;t ' s*. *.*- ; -'j -'sj. - '.r . 

20 the expansion^cone 30/70 during the.expansion.process. The radial clearance 

between the inner surface of the first outer sealing mandrel 3040 and the outer 

surface of the first lowersealmg head 3035 may range, for example, from about - 

0.005 to 0.125 inches. In a preferred embodiment, the radial clearance between 

the inner surface of tiie first outer sealing mandrel 3040 and the outer surface 

25 of the first lower sealing head 3035 ranges from about 0.005. to 0.01 inches in 
order to optimally provide minimal radial clearance. 

The first outer sealing mandrel 3040 preferably comprises an annular 
member having substantially cylindrical inner and outer surfaces. The first 
outer sealing mandrel 3040 may be fabricated from any number of conventional 

30 commercially available materials such as, for example, oilfield country tubular 
goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the first outer sealing mandrel 3040 is 
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fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. 

The first outer sealing mandrel 3040 may be cotipled-to the first upper 
sealing, head 3030 using any number of conventidnal commercially available * 
5 mechanical couplings such as v for example,, drillpipe eoiliection, oilfield country 
tubular goods specialty type threaded connection, ratchet-latch type threaded 
connection or a, standard threaded connection. In a preferred embodiment, the 
first outer sealing mandrel 3040 is removably coupled to the first upper sealing 
head 303ft by a standard-threaded connection. lira preferred* embodiment, the 
10 mechanical coupling between the first outer sealing mandrel 3040 and the first 
upper sealing head 3030 includes one or nifcre sealing members 3180 fo* sealing 
the interface between the first outer sealing mandrel 3040 and the first upper u> 
sealing head 3030. !&he sealing members 3180 may comprise any number of f 
conyentiphatewri^^ ^ 
15 rings, polypak seals or metal spring energized seals. In a preferred : V- / ^ 
embodiment, the sealing members 3 180 comprise polypak seals available from ^ 
Parker Seals in order to optimally provide sealing for a long axial stroke/ ^ ^ r 

The jBrst outer sealing mandrel 3040 majr be coupled to ? the second upper - 
sealing head 3050 using: any number of con vfcntional commercially available 
20 mechanical couplings .such as, for example, 'dtillpipe connection, oilfield country 
tubular goods ^specialty type threaded' connection, Tatchet-lat^ 
connection, or a, standard threaded ^ connection. In 1 a preferred embodiment, the 
first outer sealing mandrel 3040 is removably coupled to tlie second upper 
sealing head 3050 hy a standard threaded ronnectibnK In a preferred 
25 embodiment, the mechanical coupling between the first outer sealing mandrel 
3040 and ,the second upper sealing head 3050 includes one or more sealing 
members 3185 for sealing the interface between the fifs't^oufer sfealing mandrel 
3040 and the secondLupper sealing head 3Q50. Th<* sealing members 3185 may ; 
comprise any number of conventional commercially available sealing members 
30 such as^for example, 6-rings,* polypak seals or metal sprih£ energized seals. In a 
preferred embodiment, the sealing members 3185 comprise polypak seals 
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available from Parker, Seals, in order ^optimally provide sealing for a long axial 
stroke. . .j. t ., > t 

•r. The second inner sealing mandrel 3045 is coupled to the first lower 
sealing head 3035 and the second lower sealing head 3055. The second inner 
5 sealing mandrel 3045 preferably comprises a substantially hollow tubular 

member or members. The second inner sealing mandrel 3045 may be fabricated 
from any number of* conventional commercially available materials such as, for 
example, oilfield country tubular goods* low alloy steel, carbon steel, stainless ' 
ste?el or other similar high strength materials. In a Referred embodiment, the 
10 second inner sealing mandrel .3045 is fabricated from stainless steel in order fav 
optimally provide high strength, corrosion resistance, and low Motion surfaces^ 

may be coupled to the firstloWer ; 
sealing head 3035 using any n umber of conventional commercially avaikibte v 
mechanical couplings .such ^, |oi; ex^p^ 
15 tubular goods spfa^ty type ^egd«^ ratchet-late!* type threaded ■ 

connection or a standard threaded connection. In a preferred embodiment, the 
second inner sealing mandrel 3045 is removably coupled to the first lower 
sealing head 3035 by a standee! ^eadecl connection. The second inner 
sealing mandrel 3045 may be coupled to thje second lower sealing head 3055 
20 using any number of conventional commerdaUy available mecbsmical coupling ' 
such as, for example, drillpipe connection, oilfield country tubular goods ; ^ 
specialty type threaded cpn^ec$9a, 5 i^^^ type connection, or a standard 

threaded connection. J$ a preferred embodiment^ the second inner sealing 
mandrel 304£ is removably coupled, to the second lower sealing head 3055 by a 
25 standard threaded connection f «: < \;v: i. ■.: .* sr. * 

The second inner, sealing mandrel 3045 preferably includes a fluid - 
passage 3 1Q0 that, is adapted tq convey fluidic materials froin the fluid passage 
3095 into the fluid passage 3105. In a preferred embodiment* the fluid passage 
3100 is adapted to r convey fluidic materials such as, for example, cement, epoxy, 
30 water, drilling mud or lubricants at operating pressures and flow rates ranging 
from about 0 to 9,000 psi and 0 to 3,000 gallons/minute. *- 
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The second inner sealing mandrel 3045 further preferably includes fluid 
passages 3120 that are adapted to convey fluidic materials from the fluid 
passage 3100 into the second pressure chamber 3 190 defined by the second 
upper sealing head 3050, the second lower sealing head 3055[ the second inner 
5 sealing mandrel 3045, and the second outer sealing mandrel 3060. During 
operation of the apparatus 3000,' pressurization of the second pressure chamber. 
3190 causes the first upper sealing head 3030, the first outer sealing mandrel 
3040, the second upper sealing head 3050, the second outer sealing mandrel 
,3060i' and the expansion cone 3070 to move in an axial direction. • <v w ' ' 
10 The second upper sealing head 3050 is coupled to the first outer sealing 

mandrel 3040 and the second outer sealing mandrel 3060. The second upper 
sealing head 3050 is also movably coupled to the outer surface of tht second 
viniier sealing mandrel 3045 and the inner surface of the casing '3075? In tfiis 
maniier, the sijcond upper sealing heat! 3050 reciprocates in the axiafavectibn. 
15. The radial dearance between the inner cylindricai surface of the^ecofid upper 
# seaUngvhead.30^0 and the outer surface of the second inner sealmg mandrel 
. 3045 may range, for example, from about 0.0025 to 0.05 inches. In a preferred ; ' 
.embodinient; the radial clearance between the inner cylmdrical surfacl^oi 
second upper sealing head 3050 and the outer surface of the second^rier 
20 sealing ( mandrel 3045 ranges from about o!o05 to 6.01 inches in order to : 

qptimaUy4>rdvide m^ radial clearance be'^ieen%e 

q^terf CyliWdrical surface of the second' upper sealing head 3050 and the inner 
surface of the casing 3075 n^y range, for example, from about 0 025 to 0.375 
inclies. In a preferred e'mboo!^^ 
25 cylindrical surface of the se^noTupper^ealmg head 3050 and the inner surface 
of the casing 3075 rahges from about 0.025 to 0.125 inches in order to optmially 
provide stabilization for the expansion cone 3070 during the expansion process. 

The second upper sealing head 3050 preferably comprises an annular 
member having substahtiaUy cyhndn^ mner and outer surfaces. The second 
30 upper sealing head. 3050 may be fabncated from 

commercially available materials such as, for example, oilfield country tubular 
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goods, low alloy steel, carbon steel, stainless steel or other similar high strength 
materials. In a preferred embodiment, the second upper sealing head 3050 is 
fabricated from stainless steel in order to optimally provide high strength, 
corrosion resistance, and low friction surfaces. The inner surface-of the second 
5 upper sealing head 3050 preferably includes one or more annular sealing 

members 3195 for sealing the interface between the second upper sealing head 
3050 and the second inner sealing mandrel 3045. The sealing raembers 3195 
may comprise any number of conventional commercially available annular 
e sealing members such as, for example, o-rings, polypak seals px metal' spring 
10 energized seals. In a preferred embodiment, the sealing members 3195 
comprise polypak seals available from Parker Seals in order to optimally 
provide sealing for a long axial stroke., c - 

In a preferred embodiment, the second upper sealing head 30§0 includes; 
a ; shoulder 3200 for supporting the fir^t upper sealmg head 3030, first outer 
t l5 scaling mandrel 3040, second upper sealing head;3050, second outer sealing ^ 
t mandrel 3060, and expansion cone 3070 on the second lower sealing head 3055. 

f The second upper sealing head 3050 may be coupled to the first outer . 

sealing mandrel 3040 using any number of conventional commercially available 
£0 mechanical couplings such as, for example, drillpipe connection^ oilfield cojuuitty 
ta tl » buiar S oods specialty type threaded ronneetipn, ratchet-latch type threaded 
connection, or a standard threaded connection. In a preferred embodiment, the 
second upper sealing head 3050 is removably coupled to the first outer sealing 
mandrel 3040 by a standard threaded connection. In a preferred embodiment, 
25 the mechanical coupling between the second upper sealing head 3050 and the 
. first outer sealing mandrel 3040 includes one or more sealing members 3185 for 

fluidicly sealing the interface between the second upper sealing head 3050 arid 
j. the first outer sealing mandrel 3040. The second upper sealing head 3050 may 

be coupled to the second outer sealing mandrel 3060 using any number of 
30 conventional commercially available mechanical couplings such as, fqr example, 
drillpipe connection, oilfield country tubular goods specially type threaded 
connection, ratch t-latch type threaded; connection, or a standard threaded 
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connection. In a preferred embodiment, the second 3 upper^sealing head 3050 is 
removably coupjed to the second outer sealing mandrel 3060 by astandard 
threaded connection. Ill a preferred embodiment; the mechanical coupling 
between the second upper sealing head 3050 and the'secbhd ouW;sealirig 
5 mandrel 3060 includes one or more sealing members 3205 for fluidicly sealing 
the interface between: the second upper sealing head 3050 and the second outer 
sealing mandrel 3060. ; . 

The second lower sealing head 3055 is coupled to the second inner 
sealing mandrel 3045 and.the load mandrel 3065. ,The second lower sealing 
10 head 3055 is also movably coupled to the inner surface of the second outer 
sealing, mandrel 3060, In this manner, the first upper sealing head 3030, first 
outer sealing mandrel 3040, .second upper sealing mandrel 3050, second outer 
sealing mandrel 3060, and expansion cone 3070 reciprocate in the axial " 
direction. The radial clearance;, lefcv^egn the; outer .surface of the second lower 
15 sealing head 3055 and the inner surface of the second outer sealing mandrel ' 
3060 may range, for example, from 8hout;0.0025 to 0.05 indies. In a preferred 
embodiment, the radial clearance .between the- outer jurface of the second lower 
sealing head 3055, and the inner surface oif the second outer sealing mandrel 
3060 ranges from about 0.005 to 0 ? 0| inches^in order to optimally provide 
20 minimal radial clearance. ■ ■ ■< * A , ■ . 

• ■ .... , - : S*f 

The second lower sealmg head,^ an annular 

member having substantially cylmtoca|l inner and outer surfaces. The second 
lower sealing head 3055*mayfbe fabricated frpm any number of conventional < 
commerciaDy availableimaterials such as, for example, oilfield country tabular 

25 goods, low alloy steel, carbon steely stainless steel, or other similar high 

strength materials, In^ p^erredssmbodiment, the second lower' sealing head 
3055 is fabricated from stainless steel in order to optimally provide high 
strength, corrosion resistance^ and low friction surfaces. The outer surface of 
the second lower sealing head 3055 preferably includes one or more annular # 

30 sealing members 3210 for sealmg tne mterface between the second lower 

sealing head 3055 and'.the second outer sealing mandr e r3060. The sealing ' 
members 3210 may comprise any number of conventional commercially 
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available annular sealing members suchjas, for example, ©-rings, polyjiak seals, 
or metal spring energized seals. In a preferred embodiment, the sealing ' 
members 3210. comprise polypak seals available from Parker Seals in order to 
optimally provide sealing for long axial strokes. = ' 
5 - The second lower sealing head 3055 may be coupled to' the second inner 
sealing mandrel 3045 using any number of conventional commercially available 
mechanical couplings such as, for example, drillpipe connection, oilfield country 
tubular goods specialty type threaded connection, or a standard threaded 
conn ^ ti P n - ? n a preferred embodiment, the second lower sealing head 3055 : is ■ 
10 removably coupled to the second inner sealing mandrel 3045 by a standard 
threaded connection. In a preferred embodiment, the mechanical coupling 
i between the lower sealing head 3055, and the; second irmer sea^g maadr# ? 
3045 includes one op more sealing members 3215 far flm^cry>sealing'lhW 4i ' ? ! 
. , f ^terface between thsseconoUower sealing head 3355 and th^second'huier • 
15 -sealing.mandrel 3045^ The seajjng members; 32 15; m^^^ 

.*<• ^ly^ 0 ^ 3 } ^^^ ?■ ; 

rings, polypak sealsjorj metal spring energized seals. In* preferred?'*^'' 5 >■ 
< ^? d ^^ t . ^ e sealmg memliers 3215 comprise-polypak seals available from 
Parker ^Seals in order to.optimally proyideisealing for long axial strokes - A 

20 The second lower sealing head 3055 may be coupled td the ioad mandrel %x 

3065 using any f n,umbjsr of conventional commercially available mechahicat f 
couplings ,such,as, for «amp^, ; p!rillpipe connection, oilGeld country tabular- ' 1 
goods specialty type tiireaded, correction, or a'standard threaded connection. 
In a preferred embodiment, tile second lower sealihginead 3055 is removably * 

25 coupled to the load mandrel 3065by ».8taftdar4.«hi^^-^onfiebtiotk. In a 

preferred embodiment, the mechanical coupling between the second 1 lower ' 
sealing head 3055 and the load mandrel 3065 includes one or more sealing 
members 3220 for fluidicly sealing the interface between the second lower 
sealing head 3055 and the load mandrel 3065. The sealing members 3220 may ' 

30 comprise any number of conventional commercially available sealing members 
such as, for example, b-rings.pqlypak seals or metal spring energized' seals. In a 
preferred embodiment, the sealing members 3220 comprises polypak seals 
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available from Parker Seals in order to optimally provide sealing for a long axial 
stroke; 7 ' 

'In a preferred embodiment, the second lower sealing head '3055 includes 
a throat-passage 3225 fluidicly coupled between the fluid passages- 3l00 and 
5 3105. The throat passage 3225 is preferably of reduced size anci is adapted to 
receive and engage with a plug 3230, or other similar device. In this manner, 
the fluid passage 3100 W fluidicly isolated firom tiie tliiid passage 3105. In this 
manner, the pressure chambers 3175 and 3l90 are pressurized. Furthermore, 
p the placement of the pitig $230 in the throat passage 3225 ai^o pressifiizes the 
10 pressure chambers 3130 of the hydrauhc slips 3025. 

The second outer sealing mandrel 3060 is coupled to the second upper 
sealing head 3050 and the expansion cone 307014 The second outer sealing 
mandrel 3060 is also movably coupled to the inner surface of the casing 30 75 
7 and the outer surface 64 the fc^iid^lb^^ ^ In tliis 

15 the first upper sealing head 3(J30; first oiiter sealing mandrel: 3(&0, second 
a . upper sealing head 3050, second outer aelali^ the%&pansion 

, cone 3070 reciprocate in the axial direction. Tiiei radial clearance between the 
,^ outer surface of the second outer sealing mandrel 3060 and the inner lurface of 
the casing 3075 may range, for example, from about 0.025 to 01375 inches. In a 
20 prefehr^ embodmieht, thte Radial clearance between the outer surface of the 
.... > secpnd outer sealing mandrel 3060 tod thef inner surface of the 
-v^ ranges from about 0;025 iib 0.125 inches in order to optimally provide * 

stabilization for the expansion (^ne 3070 diirihg the expansion process. The 
radial clearance between th4 inner surface of the second outer seeding mandrel 
25 3060 and £he outer surface of trie" second lower sealing head 3055 may range, for 
example, from about 0.0025 to 6.05 inches. In a preferred embodiment, the 
radial clearance between ttie inner surface of the' second outer sealing mandrel 
3060 and the biiter surface of the second lower sealing head 3055 ranges fronv 
about 0.005 to 0.01 inches in order to bptinwaiy provide minimal radial 
30 clearance; ^ - ^ : ;; *i = f ^ -~ ' ■ • 

The second outer, sealing mandrel 3060 preferably comprises an annular 
member having substantially cylindrical inner and outer surfaces. The second 
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outer sealing mandrel 3060 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield country tubular^ 
goods, low alloy steel, carbon steel, stainless steel or ot^er similar high strength 
materials. In a preferred embodiment, the second outer sealing mandrel ; 3060 is 
5 fabricated from stainless steel in order to optimally provide high strength, ; 

corrosion resistance, and low friction surfaces.. 
>: The second outer sealing mandrel 3060 may, be coupled to the second . yi 

upper sealing head 3050 using any ^number of conventional commerpially 
available mechanical couplings such as, fop example, driUpipe coun^ction, 
10 oilfield country tubular goods specialty type threaded connection, or a .standard 

threaded connection. In a preferred embodiment, the outer sealing mandrel 
i: 3060 is* removably coupled to jthe second *ipper sealing h.c^td J050, by a staand^cdr 
- threaded connection. The second outer sealing mandrel jJOQO, inay be coupled to 
: ^ the expansion con<? 30 70 ^lsing^any number of (^^y^^oi^al comufptercially ; 
15 available mechanical <x>uplings such as, for. example* djriljpjpe corme^qn* r . , 

oilfield country tubular goods specifidty t>^^threajjed ,w^eptioij| oi; .a standard 
* threaded connection. In a j>refprred embodime^ ^th^ second^outer sealing { 
„ mandrel 3060 is removably coupled to the expansion cone 307p by a standard 
threaded connection. 

20 The first upper sealing head 3030, the first lpwej;sealing head 3035s the , 

first inner sealing mandrel 3020, and the first outer sealing mandrel 304,0 , t * j< ,k 
together define the first pressure chamber 3175. > The second upper sealing; head 
3050, the second lower sealing head 3055, the .second inner, sealing mandrel! 
,3045, and the second outer sealing man.drel 3060 together def^ the second 

25 pressure chamber 3190. The first and second pressure chaflobers, 3175 and 
3190, are fluidicly coupled to the passage?, 3J>95 and^pp, wiaone. or mpre-, 
passages, 3115 and 3120. During operation ojf the apparatus 3000, the plug; , 
3230 engages with the throat passage 3225 to flu|d|cly isolate the fluid passage ; 
3100 from the fluid passage 3105. Tie pressure chambers, .3 J75j and 3190, ared<„. 

30 then pressurized which in turn causes the first upper sealing head 3030, ;th . ...,'•> 
first outer sealing mandrel 3040, the second upper scaling head. 3050, the,: 
second outer sealing mandrel 3,060, and expansion, con .3070 ^to reciprocate in; 
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the axial direction. The axial motion of the expansion cone 3070 in turn 
expands tlie casiig 3075 in the radial direction. The use of a plurality of 
pressure chambers, 3175 and 319ti, eftebtively multiplies "the available driving 
force for the expansion cone 3070. ,v 1 J 
5 The load mandarel jJOSS'is coupled to the seconci lower sealing head 3055. 

The load mandrel 3065 preferably comprises an annular member having 
substantially cylindrical inner and outer surfaces. The load mandrel 3065 may 
be fabricated from any number of conventional commercially available 
- materials sxlch as, for example, oilfield country tubular goods, low alloy steel/' 
10 carbon steel, stainless steel or other similar high strength materials. In a 

preferred embodiment, tibie load mandrel 3065 is fabricated from stainless steel 
* - r in order to^optimally provide high length, corrosion resistance, and 16 w * 
friction surfaces. '* . " 1 - : - - ■ ■ - ; ? X- »- 

i The I&ui mandrel 3065 may be ^upled^to £he lb^rsibditi^^ 
15 using any ri of conventional cbWwara^ 

^ suc£ as, for example, epoxy, cement, water, drilling mud, or IxxBric^its? In 

preferred embodiment, the load mandrel 3065 is removably coupled W tlie lower*' 
^ sealing head 3055 by a standard threaded connection. ^ ^ ^ 

- a p&The loacd' mandrel 3065 preferably includes a fluid passa^3105^at is * 

2a adapted to convey fluidib materials from the fluid passage 3100 t6 the region 
■ ■> - outside of the apparatus 3000: In a preferred embodiment, ' the fluid passage 
^:3105^is adapted tb convey Ouidic materials such as, for example, ^mentf epoxy, 
water^ drilling mud or lubricants at operating pressures and flow rates ranging 
from about 0 td' 9,000 psi arid 0to 3,00^ gallbn^nmute. ^ 

25 The expansion cone 3070 is coupled to the second outer sealing mandrel 

3060. The expansion cone 3070 is also movably coupled to the inner surface of 
the casing 3075. In this manner, the first upper sealing head 3030, first outer 
sealing mandrel 3040, secbnd upper sealing head 3050, second outer sealing 
mandrel 31060, and the expansion c iae 3070 reciprocate in the axial direction. 

30 The reciprocation of the expansion cone 3070 causes the casing 3075 to expand 
in the radial direction! 
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The expansion cone 3070 preferably comprises an annular member 
having .substantially jpylindrical inner and conical outer surfaces. The outside t 
radius of the outside conical surface may range, for example, from about 2 to 34 
inches. In a preferred embodiment, the outside .radius of the outside conical 




expansion cone 3070 for expanding typical casings. The axial length of the. 
expansion cone 3070 may rapge, for example, from about 2 to 8 times the 
maximum outer diameter of the expansion cone 3070. In a preferred , r . 

embodiment, the axial length of the expansion cone 3070 ranges from about 3 r 

10 to 5 times the maximum outer diameter of the expansion cone 3070 in order to 
optimally provide stabilization and centralization of the expansion cone 3070 
during the expansion process- In a particularly preferred embodiment, the .„ 
maximum outside diameter of the expansion cone 3070 is between about 95 to 
99 % of the, inside ^cune^r of the exi^ting^ weUbore^that the c^^g^3075 will be 

15 joined with. ;In ; ;a preferred embodiment 

cone 3070 ranges from about 5 , to 30 degrees in order to optimally balance thje 
factional forces with, the radial expansion forces. , . ; „ 

The expansion cone 307Q, may be fabricated from any nvunber of t , ,.. ; 
conventional commercially available materials such as, for example, machine 

20 tool steel, nitride steel, titanium, tungsten carbide, ceramics, or other ^imilar . 
high strength materials. In a preferred embodiment,, the expansion cone 3070 t 
is fabricated from D2 machine tool steel in order to .optimally provide high 
strength and resistance to wear and galling. In a particularly preferred 
embodiment, the outside surface of the expansion cone 3070 has a surface 

25 hardness ranging from about 58 to 62 Rockwell C in order tp optimally provide 
high strength and resistance to wear and galling. ^ r 

The expansion cone 3070 may be coupled tp th^ second outside sealing , 
mandrel 3060 using any number of conventional commercially available^ 
mechanical couplings such as, for example, drillpipe connection, oilfield coimtry 

30 tubular goods specialty type threaded connection, ratchet-latch tyj>e connection 
or a standard threaded connection. In a preferred embodim nt, the expansion 
cone 3070 is coupled to the second outside sealing mandrel 3060 using a 
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standard threaded connection in order to optimally provide high streagth and 
easy disassembly. 

The casing 3075 is removably coupled to the: slips 3025 and the expansion 
cone 307Q. The casing 3075 preferably comprises a tubular member. The 
5 casing 3075 may be fabricated from any number of conventional commercially 
available materials such^ as, fqr example, alotte&tubulars; oilfield country 
tubular goods, carbon s£eel, low alloy steel, stainless steel, or other similar high* 
strength materials. In a preferred embodiment, the. casing 3075 is fabricated 
£ from oilfield country tubular goods available from various foreign and domes&c 
10 steel. mills in order to. optimally provide high strength. - '■: - <■. 

I%1| : I^ei^ v embqdim^t>-the.upper'end 3235 of the casing 3075 -'- 
: m deludes a ttiin waU section 3240 and an outer annular sealing member 3245, I 
v«l fe- a P^^^f* mbo .#?ejnt,f %e w^ thi<^ess of ther thin wall section 3240 is* % ' 
about 50 to 100 % of.t^e -egrulaTiWall thickness of the caning 3075: In mis F< ly 
15 manner, tfte upper ^nd 3235 of the casing 3075 may be eas% radiaJtty expanded ' 
and deformed into intimate contact with the lower end of an existing section^" 
1 weUbore casing. In a preferred embodiment,* the lower end of the, exiting ^ ^ 
n. s ? cti ? n of casing also includes a thin wall sectibn. In this manner, the radial # 
i expansion of the thin walled section 3240 of casing 3075 mto the thin walled 
20 section of the existing wellbore casing results in -aiwellbore c^ing having a 
substantially constant inside diameter. •• -j ..• , ; w : i , ; 

The annular .sealing member 3245 may ?be fabricated from any number of 
conventional commer<4^^ 

epoxy, rubber, metal or. plastic In a preferred embodiment, the annulax f sealing 

25 member 3245 is fabricated from S^^^ 

compressibility and wear resistance. The outside diameter of the annular 
sealing member ,3245 preferably ranges from about 70 to 95 % of the inside 
diameter of the lower section of the wellbore casing that the casing 3075 is 
joined to. In this manner, after radial expansion, the annular sealing member 

30 3245 optimally provides a fliudic seal md also preferably optimally provides 
sufficient frictional force wjth the inside surface of the existing section of 
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wellbore casing during the radial expansion of the casiiig 3075 to support the 
casing 3075. 

> Ina preferred embodiment;, the? lower' end 3250 -of the casing 3075 
includes a thin wall section 3255 and an outer annular' sealing member 3260. 
5 In a preferred embodiment, the wall thickness of the thin wall section 3255 is 
about 50 to 100 % o£the regular wall thickness of the casing 3075. Iii this 
manner, the lower end 3250 of/the casing 3075 may be easily expanded anci 
defornpLed. Furthermore, in this manner, aii other Section of casing insty he 
easily joined with the lower end 3250 of the casing 3075 using a radiad ^ " 1 
10 expansion process. In a preferred embodiment, the upper end bf the other' 
section of casing also includes a thin wall section. In this riianner, tlie radial 
^ .expansion of the thin walledtsection of the upper end Of the other" casxng into v 
V the thin walled section 3255 df the lower end 3250 of the casing 3075 results in 
i <aweU]to^ 

15 : r- ^The upper annular sealing miember 3245 may fc<* f^rirated from a&y 
number^ of conventional conmife^ 

f example* epoxy, rubbery metal or plastic In a preferred embodiment, the upper 

« ^annular sealing member 3245 is fabricated from Stratalock epoxy in order to 
•^optimally provide compressibility and 1 resistance to wear. The outside diameter 

20jjpf the upper annular sealing member 3245 preferably ranges from about 70 to 

< : ?95 % of the inside diameter of the lower section of the existing wellboire casing 
that #ie casing 3075 ia*joinied^to^-In this manner, after radial expansion, the 
.upper annular sealing member 3245 preferably provides a fliiidic seal and also 
preferably provides sufficient frictional force with the inside Wall of'ttie * 

25 wellbore during the radial expansion of the casing 3075' to support the casing 
3075. • ' . ■: ■ • . - • • * ' - * " «■ ■ - 

The, lower annular sealing member 3260 may be fabricated from aiiy 
number of conventional commercially available sealing materials stich as^ for 
example, epoxy, rubber, metal or plastic. Iii a preferred embodiment, the lower 

30 annular sealing member 3260 is fabricated from StrataLock epoxy in order to 
optimally provide compressibility and resistance to : wear. The'outside diameter 
of the lower annular sealing member 3260 preferably ranges from about 70 to 
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95 % of the inside diameter of the lower section of the existing wellbore casing 
that the casing 3075 is joined to. In this manner, the lower annular sealing 
member 3260 preferably provides a fiuidic seal and also preferably provides 
sufficient; frictional force with the inside wall of the wellbore during the radial 
5 expansion of the casing 3075 to support the casing 30751 

During operation, the apparatus 3000 is preferably positioned in a 
wellbore with the upper end 3235 of* the casing 3075 positioned in an 
overlapping relationship with the lower end of an existing wellbore casing. In a 
particularly preferred embodiment, the thin wall section 3240 of the casing - 
10 3075 is positioned in opposing overlapping relation with the thin wall section 
and outer annular sealing member of the lower end of the existing section of 
wellbore casing. : In this manner, the radial expansion of the casing S075-will"f^ - 
compress the thin wall sections and annular compressible members of the upper^ 
end 3235 of the casing? 3075 and the lower end of the existing wellbore casing ^ ^ 
15 , mto hitimate contact. Duringthe positioning oTtne^apparatus 3000 m tie^ * ^ ^ 
wellbore, the casing 3000 is preferably supported by the expansion cone3070; ' £ ^ 
i After positioning the apparatus 3000, a first fluidic material is then ^ - 
pumped into tfee flmd passage 3080. The first fluidic material may comprise ^ ^ 
any number of; conventional commercially available materials such as, for 5 ?^ 
20 example, drilling mud, water, epoxy, cement, slag mix or lubricants. In a ' Ss * 
preferred embodiment, the first fluidic material comprises ahardenable fluidic ! ** 
sealing material such as, for example, cement, epoxyl or slag mix in order to " ' u 
optimally provide a hardenable outer annular body around the expanded casing 

25 The first fluidic material may be pumped into the fluid passage 3080 at 

operating pressures and flow rates ranging, for example, from about 0 to 4,500 
psi and 0 to 4,500 gaUons/minute. In a preferred embodiment, the first fluidic 
material is pumped into the fluid passage 3080 at operating pressures and flow 
rates ranging from about 0 to 3,500 psi and 0 to 1,200 gaUons/minute in order ' 

30 to optimally provide operating efficiency. 

Th first fluidic material pumped into the fluid passage 3080 passes 
through the fluid passages 3085, 3090, 3095, 3100, and 3105 and then outside of 
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the apparatus 3000. The first fluidic material tJ^en preferably fills the annular 
region between the outside of the apparatus 3000 and the interior walls of the 
wellbore. ( 

The plug 3230 is tlien introduced into , the fluid passage 3080. The plug 
5 3230 lodges in the throat passage 3225 fu*d fluidicly isolates and blocks off the > 
flviid passage 3100. In a preferred embodiment, a couple of volumes: of a non- 
hardenable fluidic material are then pumped into the fluid passage 3080 in v 
order to remove any hardenable fluidic material contained within and to ensure 
that none of the fluid passages are blocked. 
10 A second fluidic material is then pumped into the fluid passage 3080. 

The second fluidic material may comprise £ny number of conventional < * 

w, *m , y • " ' - ' k" *■ ' • 

commercially available materials such as, for example, ( water, drilling gases, ; j 
drilling mud or lubricant. In a preferred embodiment, , the second fluidic . 
material comprises a non-hardenable fluidic material suph as, for example, 
15 water, drilling mud, drilling gases, or f lubricant in ojrder to optimally provide 
pressurizatdon of the pressure chambers .3175 and ,3190. 
, . The second fluidic material may be pumped into the fluid passage 3080 at 

operating pressures and flow rates ranging,^ for example, from about 0 to 4,500 
psi and 0 to 4,500 gallons/minute. In a pref^rretj ep&qdiment, the second . 
20 fluidic material is pumped into the fluid passage 3080 at operating pressures 
and flow rates ranging from about Q to 3,500 psi and 0 tx> i 1,200, gallons/minute 
in order to optimally provide operational, effiden^y;. 

The second fluidic material pumped, ipto th<e fluid passage 3080 passes 
through the fluid passages 3085, 3090, 3095, 3100 and into the pressure 
25 chambers 3130 of the slips 3025, and into the pressure, chambers 3175 andr 
3190. Continued pumping of the second fluidic material pressurizes the > 
pressure chambers 3130, 3175, and 3190. 

The pressurization of the pressure chambers 3 130 causes the hydraulic 
slip members 3140 to expand in the radial direction and grip the interior 
30 surface of the casing 3075. The casing 3075 is then preferably maintained in a 
substantially stationary position . 
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> ■ The pressurization of the pressure chambers 3i'75 and 3190 cause the 
first upper sealing head 3030; first outer sealing mandrel 3040, second upper 
sealing head 3050, second outer 'dealing mandrel 3060, and expansion cone 3070 
to move in an axial direction relative £0 the casing 3075. In this manner, the 
5 expansion cone 3070 will cause the casing 3075 to expand in the radial 
direction, beginning "with the lower end 3250 of the casing 3075. 

During the radial expansion process, the casing 3075 is prevented from 
moving in an upward direction by the slips 3025. A length of the' casing 3075 is 
then expanded in; the radial direction through the pressurization of the pressure 
10 chambers 3175 and-3190. The length of the casing 3075 that is expanded 
during the expansion process will be proportional to the stroke length of the 
first upper sealing head 3030, first outer sealing mandrel 3040, second upper ^ 
sealing head 3050, and expansion cone 3070. 

Upon the completion of a 1 stroke, the operating pressure of the second '■''*"" 
15 fluidic material is reduced and the first upper sealing head 3030, first outer 
sealing mandrel 3040, second upper sealing head 3050, second outer sealing 
mandrel 3060, and expansion- cone 3070 drop to their rest positions with the 
casing 3075 supported by the expansion cone 3070. The reduction in the 
operating pressure of the second fluidic material also causes the spring bias 
20 3135 of the slips 3025 to pull the slip members 3140 away from the inside walls 
of the casing 3075. r 

The position of the drillpipe 3075 is preferably adjusted throughout the 
radial expansion process in order to maintain the overlapping relationship 
between the thin walled sections of the lower 'end of the existing wellbore casing 
25 and the upper end of the casing 3235. In a preferred embodiment, the stroking 
of the expansion cone 3070 is then repeated, as necessary, until the thin walled 
section 3240 of the upper end 3235 of the casing 3075 is expanded into the thin 
walled section of the lower end of the existing wellbore casing. In this manner, 
a wellbore casing is formed including two adjacent sections of casing having a 
30 substantially constant inside diameter. This process may then be repeated for 
the entirety of the wellbore to provide a wellbore casing thousands of feet in 
length having a substantially constant inside 'diameter. 
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In a preferred embodiment, during the final stroke of the expansion cone 
3070, the slips 3025 are positioned gs close as possible to the thin walled section 
3240 of the upper end 3235 of the casing 3075 in ordsr/minimize slippage 
between the casing 3075 and the existing wellbore casing, at the end of the 
5 radial expansion process. Alternatively, or in a4dition, the outside diameterof 
the upper annular sealing member 3245 is selected to ensure sufficient 
interference fit with the inside diameteir of the lower end ofcthe existing casing 
to prevent axial displacement of the casing 3075 during the final stroke. 
Alternatively, >or in addition, the outside diameter of the lower annular sealing - 
10 member 3260 is selected to provide an { interference Jit with the inside walls of 
the wellbore at an earlier point in the radial expansion prpcess so as to prevent' 
further axial displacement of the casing 3075. ? In this final alternative, the k 
^terferenpe fit is preferably selected to pern^it expansion of the casing ^3075 iiy > : 
J. ^^ulhngytfte expansion cone 3070 out of the wellbqre, w^out having te^W ^ " ' i k 
15 7 pressurize the pressure chambers 3175 and 3190. ? , : ^ ^ 

. • # : • During the radial expansion process,, the pressurized areas of the r 
3 -apparatiis 30QQ are preferably limited to the fluid .passages 3080, 3085^ 3090, 

3095^3100,31^ *> K 

3025, and the pressure chambers .3175 and 3190. No fluid pressure acts difcectly 
20 on the casing 3075. This permits the use of operating pressures higher thah the 
casing 3075 could normally withstand. ^ 
Qnce the casing 3075 has beei* completely expanded off of the expansion ^ 
cone 3070, the remaining portions pf the apparatus 3000 are removed from the * 
wellbore. In a preferred embodiment, the contact pressure between the ? r 
25 deformed thin wall sections and compressible annular members of the lower 

end of the existing casing and the upper end 3235 of the casing 3075 ranges r 
from about 400 to 10,000 psi in order to optimally support: the casing 3075 ^ 
using the existing wellbore casing. i * 

In this manner, the casing 3075 is radially expanded into contact with an 
30 existing section of casing by pressurizing the interior fluid passages 3080, 3085, - 
3090, 3095, 3100, 3110, 3115, and 3120, the pressure chambers 3130 of the slips 
3025 and the pressure chambers 3175 and 3190 of the apparatus 3000.. 
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In a preferred embodiment, as required, the annular body of hardenable 
fluidic material is then allowed to cure to form a rigid outer annular body about 
the expanded casing 3075. In the case where the casing 3075 is slotted, the 
cured fliiidic material preferably permeates and envelops the expanded casing 
5 3075. The resulting new section of wellbore casing includes the expanded 
casing 3075 and the rigid outer annular body. The overlapping joint between 
the pre-existing wellbore casing and the expanded casing 3075 includes the 
deformed thin wall sections and the compressible outer annular bodies. The 
inner diarheter of the resulting conabihed wellbore casings is substantially 
10 constant In this manner, a mono-diameter wellbore casing is formed This 
process of expanding overlapping tubular members haying thin wall end 
portions with compressible annular bodies into contact can be repeated for the 
entire length of a wellbore. In this manner, a mono-diameter wellbore casing 
can be provided for thousandsVf ieet-m formation. 

15 In a preferred embodiment, as the expansion cone 3070 nears the upper 

end 3235 of the casing 3075, the operating flow rate of the second fluidic 
material is reduced in order to minimize shock to the apparatus 3000. In an 
alternative embodiment, the apparatus 3000 includes a shock absorber for 
absorbing the shock created by the completion of the radial expansion of the 

20 casing3075. H " " ' "*-'«Vi " ' 

In a preferred embodiment, the reduced operating pressure of the second 
fluidic material ranges from about 5 100 to 1,000 psi as the expansion cone 3070 
nears the end of the casing 3075 in order to optimally provide reduced axial 
movement and velocity of the expansion cone 3070. In a preferred embodiment, 

25 the operating' pressure of the 'second fluidic material is reduced during the 
return stroke of the apparatus 3000 to the range of about 0 to 500 psi in order 
nunimize the resistance to the movement of the expansion cone 3070 during the 
return stroke! In a preferred embodiment, the stroke length of the apparatus 
3000 range* from about 10 to 45 feet in order to optimally provide equipment 

30 that can be easily handled by typical oil well rigging equipment and also 
mmimize the frequency at which the apparatus 3000 must be rerstroked. 
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In an alternative embodiment, at least a portion of one or both of the 
upper sealing heads, 3030 and 3050, includes an expansion cone for radially ~ 
expanding the casing 3075 during operation of the apparatus 3000, in order to 
increase the surface area of the casing 3075 acted upon during the radial 
5 expansion process. In this manner, the operating pressures can be reduced. 

Alternatively, the apparatus 3000 may be used to join a first section of 
pipelined an existing section of pipeline. Alternatively, the apparatus 3000 
may be used 'to directly line the interior of a wellbore with a casing, without the 
use of an outer annular layer of a hardenable material. Alternatively, the 
10 apparatus 3000 may be used to expand a tubular support member in a hole. 

Referring how toTigure 21, an apparatus 3330 for isolating: subterranean 
zones will be d^cribed. A wellbore 3305 including a casing 3310 are positioned 
in a subterranean formation 33 i5. The subterranean formation 3315 includes a 
number of productive and non-productive zones, including a water zone 3320 
15 and a targeted oil sand zone 3325. During exploration of the subterranean : - ' 
formation 3315, the wellbore 3305 may be extended in a well known manner tq 

traverse the various productive and non-productive zones, including the, water 

'' " '•v' ; • :' f - 

zone 3320 and the targeted oil sand zone 3325. 

"•'/<■ l; o.\' . A f ^ x * -: r ■ £>- ^ * •: . ^ . * 
In a preferred embodiment, in order to fluidiciy isolate the water zone 

20 3320 from the targeted oil sanci zone 3325, an apparatus 3330 is provided that 

includes one or more sections of solid casing 3335, one or more external seals 

3340, one or more sections of slotted casing 3345, one or more intermediate 

sections of solid casing 3350, and a solid shoe 3355. 

The solid casing 3335 may provide a fluid conduit tliat transmits fluids 

25 and other materials from one end of the solid casing 3335 to the other end of 

■ " . fir: .: * i S m \ --t - "■' =■*"■' * * - ! l ' "* ' J ~ : 5 ' 

the solid casing 3335. The solid casing 3335 may comprise any number of 

v . ♦ C - - J-^ ' ' ■ * ' "' ; - :/ ■ ' ' r ' 

conventional commercially available sections of solid tubular casing such as, for - 

example, oilfield tubulars fabricated from chromium steel or fiberglass. In a. 

preferred embodiment, tHe solid casing 3335 comprises oilfield tubulars v 

30 available from various foreign and domestic steel millA 

The solid casing 3335 is'preferably coupled to the casing 3310. The solid ; 

casing 3335 may be coupled to tiie oasing 3310 using any number of 
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conventional commerciaQy available processes such as, for Sample; welding, 
slotted and expandable connectors, or expandable solid cdnnectbrs. In a 
preferred embodiment, the solid casing 3335 is cotipled to the casing 3310 by 
.using expandable solid connectors. The solid casing 3335 may comprise a 
5 plurality of s;uch solid casings- 3335; " u • ; \„. ^ 

; The sohd casing 3335 is preferably coupled to one mt»re of the slotted 
casings 3345. The soUd caysing 3335 may be coupled to the slotted casing 3345 
using any number .of conventional commercially available processes such as| for t 
e^ampleji welding, or slotted and expandable connectorsi In a preferred * ■ * * v 
10 embodiment, the solid casing 3335 is coupled to the slotted casing 3345 by ' 
expandable solid cpnnectors. * ul? ^ ; * 

In a preferred embodiment, the casing 3335 includes one more valve * 
members u 3360; for controlling :the. flow, of fluids anil other materials within the 
interior region of thje casing 3335., In an altenaative en^ 
15 production mode of operation, an internal tubular s&diig ^tfi variou^^ - T ^ v,; 
arrangements of^packers, perforated toibing, sliding sleeves, and valves niity be ' " 
employed witlim the apparatus to provide various options for (»haraiintiin^ : and lT 
isolating subterranean zones from each other while providing a fluid jMlf€o the 
• surface:;.;- rx , * - r .. ' . 4 , i - - - ■ ... > > ? 

20 ^ In a partiqula^iy preferred embodiment, the casing 333& is placed iiito 
tlieswellborg^3305 by expanding the casing 3&35 in the radial direfct&h ih# * 
mt^ate contact with: l&e^jnterior walls of the wellbbre 3305. The caking 3335 
may be expanded in the radial direction using aiiy number of conventional 
commercially available, methods, in a preferred ; eiiibodimfent, the casing 3335 is 
25 expanded in the radial direction using one promote of th& processes and 
apparatus described witiiin tie present disclosiire. ^ i 

. The seals 3340 prevent the passage of fluids and other materials wittin 
the annular region 3365 between the solid casings 3335 and 3350 and the ~ ' 
wellbore 3305., The seals 3340 may comprise any number of conventional 
30 commercially available sealing materials suitable for sealing a casing in a 
wellbore such as, for example, lead, rubber or epoxy. In a preferred 
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embodiment, the seals 334,0 .comprise Stratalok epoxy material -available frcm - 
Halliburton Energy Services. J . ; > . * . 

The slotted casing 3345 permzts fluids and other materials to pass into 
and out of the interior of the. slotted, casing 3345 from and to the annular region 
5 3365. In this manner, oil and gas may be produced from a produeing ■ TlJ ' :; T 
subterranean^ zone within a subterranean formation/* The slotted casing 3345 
may comprise any number of conventional commercially available sections of 
slotted tubular casing. Iha preferred embodiment, the slotted casing 3345 
comprises expandable; slotted tubular casing available from Petrdline in • 

10 Abeerdeen, Scotland. In aparticularly, preferred embodiment, the slotted 

casing 145 comprises expandable slotted sandscreen tubular casing available ;i 
from Petroline in Aberdeen, Scotland. 1 , ■ ^ r ' A 

The slotted casing 3345 f is preferably coupled dfce*df 
3335. The slotted casing 3345 may be coupfed io^^ 

15 any number of conventional commercially available pfoeesSek such as, for 
ex fi!Eipl e ! welding, or slotted or solid expandable connectors: * In* a pfefenred 
embodiment, the slotted casing 3345 is coupled to the sdlid casing 3335 by 
expandable sohd connectors. ^ •? > v r * V/- 

- f The slotted casing 3345 is preferably coupled to one or more 

2 fi intermediate solid casm^33§0/ ^ tnay be coupled to the 

;i .intermediate solid casing 3350 using any number.of ^conventional* commercially 1 
■ e available pr.o^ses such $s, for example,, welding or expandable solid or slotted 
.* connectors. Jn a preferred ejnbpdiment, the slotted caeing 3345 is coupled to 1 
r the intermediate solid casing 3350. by expandable sohd x^miectors. 3 
25 The last section of slotted caeing 3345 is preferably coupled to the shoe 

3355. The last slotted casing 3345 may be coupled to the shoe 3355 using afay T 
number of conventional commercially available processes such as, for example, 
, welding or expandable solid or slotted connec&rs; -In a preferred embodiment,' ? 
the last slotted casing 3345 is coupled *o th shoe $865 by an expandable Solid 
30 connector. • - ; r. (- - 

In an alternative embodiment, the shoe 3355 is coupled directly to the 
last one of the intermediate solid casings 3350. 
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In a preferred embodiment, the slotted casings 3345 are positioned 
within the wellbore 3305 by expanding the slotted casings 3345 in a radial 
direction into intimate contact with the interior walls of the wellbore 3305. The 
slotted casings 3345 may tie expanded in a radial direction using any number of 
5 conventional commercially available processes. In a preferred embodiment, the 
slotted takings 3345 are expanded in the radial direction using one or more of 
the processes and 1 apparatus disclosed in the present disclosure with reference 
to Figures l4a-20. 

The intermediate solid casing 3350 permits fluids and other materials^*) ''' 
10 -pass between adjacent slotted casings 3345. The intermediate solid casing 3350 
may comprise any number of conventional commercially available sections of 
solid tubular casing such as, for example, oilfield tubulars fabricated from r ;; 1 
chromium steel of fiberglass. In a preferred embodiment, the intermediate; 
solid caaing 3350 comprises oilfield tubulars available from foreign and ^ 
15 ^domestic steel mills. ■ ' " ' >' ' . * \J>v?i*'t*r4''i-% «*" 

Th6 intermediate solid casing 3350 is preferably coupled to one or mbr^ ' ' 
sections of the slotted casing 3345. The intermediate solid casing 3350 may be 
coupled to the slotted casing 3345 using any number of conventional r 
commercially available processes such as, for example, welding, or solid -or^f 
20 slotted expandable connectors. In a preferred|e^ocument^ the intermedial 
solid casing 3350 is coupled to the slotted casing 3345 by expandable solid ; i % 
connectors. The intermediate solid casing 3350 may comprise a plurality of ? 
such intermediate solid casing 3350. 

In a preferred embodiment, each intermediate solid casing 3350 includes 
25 onimore valve members 3370 for controlling the flow of fluids and other 
materials within the interior region of the intermediate casing 3350. In an 
alternative embodiment, as will be recognized by persons having ordinary skill 
in the art anil the benefit of the present disclosure, during the production mode 
of operation, an internal tubular string with various arrangements of packers, 
30 perforated tubing, sliding sleeves, and valves may be employed within the 
apparatus to provide various options for commingling and isolating 
subterranean zones from each other while providing a fluid path to the surface. 

-221- 

; 'SUBSTITUTE SHEET (RULE 26) 



WO 00/77431 



PCT/rLOO/00245 



In a particularly preferred embodiment, the intermediate casing 335C is 
placed into the wellbpre 3305 by expanding the intermediate casing 3350 in the 
radial direction into intimate contact with the interior walls of the wellbore 
3305, The intermediate casing 3350 may be expanded in the radial direction 
5 using any number of conventional commercially available methods 

In ah alternative embodiment, one or more of the intermediate solid , 
casings 3350 may be omitted. In an alternative preferred embodiment, one or 
more of the slotted casings 3345 are provided with one or more seals 334£, 

The shoe 3355 provides a support member for the apparatus 3330. In 
10 thi$ manner, various production and exploration tools may be supported by the 
show 3350. The shoe 3350 may comprise any number of conventional 
conjjciiercially available shoes suitable for use in a wellbpre such as, fpr example, 
cement filled shoe, or an aluminum or composite shoe. In a preferred 
embodiment, the shoe 3350 comprises an aluminum shoe available frpm t 
15 Halliburton. In a preferred embodiment, the shoe 3355 is selected to provide 
sufficient strength in compression and tension to permit the use of high 
capacity production and exploration tools. 

In a particularly preferred embodiment, the apparatus, 3330 includes a 
plurality of soliii casings 3335, a plurality of seals 3340, a plurality of slotted 
20 casings 3345, a plurality of intermediate solid casings 3350, and a shoe 3355. 



More generally, the apparatus 3330 may comprise one or more solid casings 
3335, each with one 6t more valve members 3360, n slotted casings 3345, n-1 
intermediate solid casings 3S50, each with one; or more valve members 3370, 
and a shoe 3355. 



25 During operation of the apparatus 3330, oil and gas may be controljably 

produced from the targeted oil sand zone 3325 using the slotted casings 3345. 
The oil and gas may then be transported to a surface location using the solid, 
casing 3335. The use of intermediate solid casings 3350 with valve.|nembers 
3370 permits isolated sections of the zone 3325 to be selectively isolated for , 

30 production. Th seals 3340 permit the zone 3325 to b fluidicly isolated from 
the zone 3320. The seals 3340 further permits isolated sections of the zone 
3325 to be fluidicly isolated from each othesr. In this manner, the apparatus : 

• (■ - ' < , • r ' ; v , t\ ' '* ' ' ' " * 
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3330 periiiits unwanted and/or non-productive subterranean zones to be 
fluidicly isolated. 

In an alternative embodiment, as will be recognized by persons having 
ordinary skill in the art and also having the benefit of the present-disclosure, 
5 during the production mode of operation, an internal tubular string with 
various arrangements of packers, perforated tubing, sliding sleeves, and valves 
may be employed within the apparatus to provide various options for 
commingling and isolating subterranean zones from each other while providing 
a fluid path to the surface. 
10 Referring to Figures 22a, 22b, 22cand22d, an embodiment of ai^ 

apparatus 3500 for forming a wellbore casing while drilling a wellbore will now 
be described. In a preferred embodiment, the apparatus 3500 includes a 
support member 3505, a mandrel 3510, a mandrel launcher 3515, a shoe 3520 a 
tubular member 3525, a mud motor 3530, a drill "bit 3535, a first fluid passage 
15 3540, a second fluid passage 3545, a pressure chamber 3550, a third fluid ' " 
passage-3555, at cup seal 3560, a body of lubiicant 3565, seals 3570, and a 5 
releasable coupling 3600. -. ■ •• *. 

The support member 3505 is coupled to the mandrel 3510. The support 
member 3505 preferably comprises an annular member having sufficient 
20 strength to- carry and support the apparatus 3500 within the wellbore 3575! In 
a preferred embodiment, the support member 3505 further includes one or 
more conventional centraiizera (not illustrated) to help stabilize the apparatus 

The support' member 3505 may comprise one or more sections of 
25 conventional' commercially available tubular materials such as, for example, 
oilfield country tubular goods, low afloy steel, stainless steel or carbon steel. ' In 
a preferred embodiment, the support member 3505 comprises coiled tubing or 
drillpipe in order' fo optimally permit the placement of the apparatus 3500 
within a non-vertical wellbore. ■■. >-t 
30 In a preferred embodiment, the support member 3505 includes a first 

fluid passage 3540 for conveying fluidic materials from a surface location to the 
fluid passage 3545. In a preferred embodiment, the first fluid passage 3540 is 
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adapted to convey fluidic materials such as water, drilling mud, cement, epoxy 
or slag mix at operating pressures and flow rates ranging from about 0 to 
10,000 psi and 0 to 3,000 gallons/minute. ( ; , 

The mandrel 3510 is cpupled to and supported by the support member 
5 3505. The mandrel 3510 is also coupled to and supports the mandrel launcher,. 
3515 and tubular member 3525. The mandrel 3510 is preferably adapted to 
controllably expand in a radial direction. The mandrel 3510 may comprise any 
number of conventional commercially available mandrels modified in . 
accordance wtthstheT teachings of the present disclosure. In a preferred ::f* 
10 embodiment, the mandrel 3510 comprises a hydraulic expansion tool as . 

disclosed in U.S. Patent No. 5,348,095, the contents of which are incorporated 
herein by reference, modified in accordance with the teachings of the present ^r- 
disclosure. . . ^ 

^ -In- a preferred embodiment, the mandrel 35 10 includes one or more r ^ 
15 conical sections for expanding the tubular member 3525 in the radial direction 
In a preferred embodiment, ^ the outer surfaces of the conical sections c^ the 5 
mandrel 3510 have a surface hardness ranging from about 58 to 62 Rockwell: Q " 
in order to optimally radially expand the tubular member 3525. ' - ? 

In a preferred embodiment, the mandrel 3510 includes a second fluid * r 
20 passage 3545 fluidiqly coupled to the first fluid passage 3540 and. the pressure * 
chamber 3550 for cp^veying fliiidic materials from the first fluid passage 3540 " 
to the pressure chamber 3550. In a preferred embodiment, the second fluid J v 
passage 3545 is adapted to convey fluidic materials such as water, drilling mud,; 
cement, epoxy or slag mix at operating pressures and Qqvf rates ranging from 
25 about 0 to 12,000 psi and 0 to 3,500 gallons/minute in order to optimally 
provide operating pressure for efficient operation. 

The mandrel launcher 3515 is coupled to the tubular member 3525, the, 
mandrel 3510, and the shoe 3520. The mandrel launcher 3515 preferably 
comprises a tapered annular member that mates with at a portion of at least , 
30 one of the conical portions of the outer surface of the mandrel 3510. In a 

preferred embodiment, the wall thickness of the mandrel launcher is less than * 
the wall thickness of the tubular member 3525 in order to facilitate the . 
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initiation, of the radial expansion process and facilitate the placement of the 
apparatus in opening?: having tight clearances. In a preferred embodiment, the 
wall thickness of the mandrel launcher 3515 ranges from about 50 to ltio % of 
the wall thickness of the tubular member 3525 immediately adjacent to the 
5 mandrel launcher 3515 in order to optimally fadliate the radial expansion 
process and facilitate the insertion of the apparatus 3500 into weUbore casings 
and other areas with tight clearances; 1 . : : < ' ; f 

The mandrel launcher 3515 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield " 
10 country tubular goods, low alloy steel, carbon steel or stainless steel. In a 
preferred embodiment, the mandrel launcher 3515 is 'fabricated from oilfield 
county tabular goods of bi^w's1refigtai^lowwjM^ : .tbic]mes8 than the 
tubular member 3525 . in order ;toi optimally provide a smaller container having 
approximately the same burst r.trength as the tubular member 3525. 
i5 The shoe 3520 is coupled to the miandrel launcher 3515 and the 

releasable coupling 360Q. The shoe 3520 preferably comprises a substantiaUy 
annular member. In a preferred embodiment, the shoe 3520 or the releasable 
coupling 3600 include a third fluid passage 3555 fluidicly coupled to the 
pressure chamber 3550 and the mud motor 3530. 
20 The shoe 3520 may comprise any number of conventional commercially 

available shoes such as, for example, cement'fflled, alummuhi or composite 
modified in accordance with the teachings of the present oUscIosure. In a 
preferred embodiment, the shoe 3520 comprises a high strength shoe having a " 
burst strength approximately equal to the burst strength of the tubular 
25 member 3525 and mandrel launcher 3515. The shoe 3520 is preferably coupled 
to the mud motor 3520 by a releasable coupling' 3600 in order to optimally 
provide for removal of the mud motor 3530 and drill nit 3535 upon the 
completion of a drilling and casing operation. 

In a preferred- embodiment, the shoe 3520 includes a releasable latch " 
30 mechanism 3600 for retrieving and removing the mud motor 3530 and drill bit 
3535 upon the completion of the drilling and casing formation operations. In a 
preferred embodiment, the shoe 352p ( further includes an anti-rotation device 
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for mainta inin g tiie shoe 352G : in a substantially stationary rotational position 
during operation of t£e apparatus 3500. In a preferred embodiment, the " 
releasable latch mechanism 3600 is releasably coupled to the shoe 3520. 

The tubular ijnember 3525 is supported by and coupled to the mandrel 
5 3510. .The tubular member 3525 is expanded in thexadial direction anil : ■ 
extruded off pf the njandrel 3510. The tubular member 3525 niay be fabricated 
from any number of conventional commercially available materials such as, for 
example, Oijfield Country Tubtdar Goods (OCTG), 13 chrdmium stoel 
tubin^casing, automotive gracfesteeli or plastic tubing/casing. In a preferred 

10 embodiment, the tubular member 3525 is fabricated from OCTG in order to 
maximize strength after expansion, |£he inner and outer diameters of the 
tubular member 3525 may range, for example, from approximately 0.75 to 47 
inches and l-05,to 48 ; inches, .respectively, jln a preferred etofcddimehfc, the 1 
inner and outer diameters of the tubular member 3525 range from about 3 to 

15 15.5 inches and 3.5 to 16 : inches, respectively in ordej to optimally provide J 
minim al telescoping effect in the most commonly drilled wellbore sizes: 1 The 
tubular member 3525 preferably comprises an annular member with solid 
walls. , \ v 5 „. ... > "* ; ,:>■■„< :■. <' 

In a preferred embodiment, the uppei 4 ^ end portion 3580 of the tubular 

20 member 3525 is slotted, perforated, o* otherwise modified to catch or slow down 
the mandrel 3510 wheo tbe m^^l^SSld;^ extrusion of tubular 

member 3525. ^qr$^^ 

tubular member 35^5 ia> preferably lumW t« between about 40 to 20,000 feet in 
length. Thetobulwme^^ 

25 alternatively, a plurality of tabular member 

The mud motor 3530 is coupled to the shoe 3520 and the drill bit 3535. 
The mud motor 3530 is also fluidicly coupled to the fluid passage 3555. In a ' 
preferred embodiment, the mud motor 3530 is driven by fluidic materials such 
as, for example, drilling mud, water*; cement, epoxy; lubricants or slag mix 

30 conveyed from the fktfd passage 3555 to the mudirotor 3530: In this manner, 
the mud motor^SSO drives the drill bit 3535.' The operating pressures and flow 
rates for operating mud motqy; ; 3530 may range, for example, from about 0 to 
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12,000 psi and 0 to 10,000 gallons/minute. In a preferred embodiment, the 
operating pressures and flow rates for operating mud motor 3530 range from 
about 0 to 5,006 psi and 40 to 3,000 gallons/minute. 

The mud motor 3530 may comprise any number of conventional 
5 commercially available mud motors, modified in accordance with the teachings 
of the present disclosure. In a preferred embodiment, the size of the mud motor 
3520 and drill- bit 3535 are selected to pass through the interior of the shoe 
3520 and the expanded tubular member 3525? In this manner, the mud motor 
3520 and drill bit 3535 may be retrieved from the downhole location upon the 
10 conclusion of the drilling and casing operations . 

The drill bit 3535 is coupled to the mud motor 3530. The drill bit 3535 is 
preferably adapted to be powered by the mud motor 3530. In this manner, the 
drill bit 3535 drilte out new sections of tne weUbore 3575. 

The drill bit 3535 may comprise any number of conventional " 
15 commercially available drill bits, modified in accordance with the teachings of 
the present disclosure. In a preferred embodiment, the size of the mud motor 
3520 and drill bit 3535 are selected to pass through the interior of the shoe 
3520 and the expanded tubular member 3525. ' in this manner, the mud motor 
3520 and drill bit 3535 may "be retrieved from the downhole location upon the 
20 conclusion of the drilling and casing operations. In several alternative 

preferred embodiments, the drill bit 3535 comprises an eccentric drill bit, abi- 
centered drill bit, or a small diameter driU bit with an hydraulically actuated 
under reamer. 

'The first fluid passage 3540 j pWm£^ fluicUc materials to be t^ 
25 the second fluid passage 3545, the pressure chamber 3550, the third fluid 

passage 3555, and the mud motor 3530. The first fluid passage 3540 is coupled 
to and positioned within the support member 3505. The first fluid passage 
3540 preferably extends from a position adjacent to the surface to the second 
fluid passage 3545 within the* mandrel 3510. The first fluid passage 3540 is 
30 preferably positioned along a centerline of the apparatus 3500. 

L The second fluid passage 3545 permits fluidic materials to be conveyed 

from the first fluid passage 3540 to the pressure chamber 3550, the third fluid 

■ ...j. 
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passage 3555, and the mud motor 3530. The second fluid passage 3545 is > ■ ■ , 
coupled to and positioned within \he mandrel 3510. The second fluid passage . 
3545 preferably extends from a position, adjacent to the first fliiid passage 3£40 
to the bottom of the mandrel 3510. The second fluid passage 3545 is preferably 
5 positioned substantially along the centerline of the apparatus 3500. 

The pressure chamber 3550 permits fluidic materials, to be coiiveyed 
from the second fluid passage 3545 to the third fluid passage ,3555, and the mud 
motor 3530. The pressure chamber is preferably defined by the region below 
the mandrel 3510 and within the tubidar member 3525, mandrel launcher , ^ 
10 3515, shoe 3520, and releasable coupling 3600. During operation of the 

apparatus 3500, pressurization of the pressure chamber 3550 pref^ral?ly causes 
the tubular member 3525 to be extruded off of the mandrel 3510. - - - *V 

The third fluid passage 3555 permits fluidic materials t^> be copvej^d W 
from the pressure chamber 3550 to the mud motor 3530. The third fluid i 
15 passage 3555 may be coupled to and positioned within the shoe 3520 or " - • 
releasable coupling 3600. The third fluid passage 3555 preferably jext^ias franf 
a position adjacent to the pressure chamber 3550 to the bottom of the shoe 3520 
or releasable coupling 3600. The third fluid passage 3555 is preferably 
positioned substantially along the centerline of the apparatus 3500, , , ^ 
20 The fluid passages 3540, 3545, and 3555 are preferably selected to convey 

materials such as cement, drilling mud or epoxiea at flow rates and pressures 
ranging from about.6 to 3,000 ^ons/minute and 0 to 9,000 psi in order to 
optimally operational efficiency. 

The cup seal 3560 is coupled to and supported by the outer sjirfacerof the 
25 support member 3505. The cup seal 3560 prevents foreign materials from 
entering the interior region of the tubulpr member 3525. The cup seal 3560 > 
may comprise any number of conventional commercially available $up sepls 
such as, for example, TP cups or SIP cups modified in accordance, with the ^ 
teachings of the present disclosure. In a preferred embodiment,, the cup seal 
30 3560 comprises a SIP cup, available from Halliburton Energy Services in Dallas 
TX in order to optimally block the entry of foreign materials and contain a body 
of lubricant. In a preferred embodiment, the. apparatus ; 3500 includes a 
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plurality of such cup seals in order to optimally prevent the entry of foreign 

material into the interior region of the tubular member 3525 in the vicinity of 

the mandrel 3510. " " t? 

T -r , - ■ ■ .. . .u '■; ■ ' — 1 " "* - s - - ■ 

In a preferred embodiment, a quantity of lubricant 3565 is provided in 

5 the annular region above the mandrel 3510 within the interior of the tubular 

member 3525. In ttua^manner, the extrusion of the tubular member 3525 off of 

the mahdrel 3510 is facilitated. The lubricant 3565 may comprise any number 

of conventional commercially available lubricants such as, for example, 

Liibriplate, chlorine based lubricants, oil based lubricants or Climax 1500 

10 Antisieze (SttO). In a preferred embodiment, the lubricant 3565 comprises 

Climax 1500 Antisieze (3100) available from Climax Lubricants and Equipment 
Cd: m Houston,' TX in order to optimaily provide optimum lubrication to 
faciliate the e^ahsion process. ^ 

Th&s£a& &570 are coupled to and supported by the end portion 3580 qP 

15 the tubular member 3525. The seals 3570 are further positioned on an outer 
surface of the end portion 3580 of the tubular member 3525. The seals 3570 
permit the Overlapping joint between the loWet end portion 3585 of a 
preexisting section of casing 3590 and^the end portion 3580 of the tubular 
member 3525 to be fluidicly sealed. The seals 3570 may comprise any number 

20 of conventional commercially available seals such as, for example, lead, rubber, 

Teflon, or epoxy seals modified in accordance* with the teachings of the present 

J ■ w- ■ „ , '-£• " - K l\ , ; 3 ; .M - - . "-^ • 

disclosure. In a preferred embodiment* the seals 3570 are molded from 

Stratalock epoxy available from Halliburton Energy Services in Dallas, TX in 

order to optimally provide a load bearing interference fit between the end 3580 

25 of the tubular member 3525 and tiie end '3585 of the pre-existing casing 3590. 
In a preferred embodiment, the Seals 3570 are selected to optimally 
provide a sufficient frictional force to support the expanded tubular member 
3525 from the pre-existing casing 3590.' V In a preferred embodiment, the 
frictional force optimally provided by the seals 3570 ranges from about 1,000 to 

30 1,000,000 Ibf in order to optimally support the expanded tubular member 3525. 
The releasable coupling 3600 lis preferably releasably coupled to the 
bottom of the shoe 3520. In a preferred embodiment, the releasable coupling 
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3600 includes fluidic seals for sealing the interface between the releasable 
coupling 3600 and the shoe 3520. In this manner, the pressure chamber 3550 
may be pressurized. The releasable coupling 3600 may comprise any number of 
conventional commercially available releasable couplings suitable for drilling 
5 operations modified in accordance with the teachings of the present disclosure 

- , > . j u a . r--; i .-v < * *, 

As illustrated in Figure 22A, during operation of the apparatus 3500, the 
apparatus 3500 is preferably initially positioned within, a preexisting section of, 
a wellbore 3575 including a preexisting section of wellbore casing 3590. Ix^ sl 
preferred embodiment, the upper end portion 3580 of the tubular member 3525 

10 is positioned in an overlapping relationship with the lower end 3§85 of the 
preexisting section of casing 3590. In a preferred embodiment 
3500 is initially positioned in the wellbore 3575 with the drill bit 353 in contact 
with the bottom of the wellbore 3575. During the initial placement of the 
apparatus 3500 in thcs wellbore 35>75, the tubular member 35^5, is preferably 

15 supported by tbe mandrel 3510. 

As iUustrated in Figure 22B, a fluidic material 3595 is then pumped iijto 
the first fluid passage 3540.' The fluidic material 3595 is. preferably conveyed 



•r; v- "it 

B, a fluidic m 

'i 

13595 

from the first fluid passage 3540 to the second fluid passage 3545, the pressure 

ith< 



chamber 3550, the third fluid passage 3555 and the inlet to the mud motor 



20 3530. The fluidic material 3595 may comprise any number of conventional 
commercially available fluidic materials such as, for example, drifling mud, 
water, cement, epb^y or slag mix/ The fiuidic material 3595 may be pumped 
into the first fluid passage 3540 at operating pressures and flow rates ranging. 

for example, from about 0 to 9,000 psi and 0 to 3,000 gallons/minute 

.,• • . o\x -s 1 a0 '>^i'J r --&Y --vunr^a .!:•.- ^ > ; ' ■ ' •!..• . * ••<■* :r 
25 The fluidic material 3595 will enter the inlet for the mud motor 3530 and 

drive the mud motor 3530. The fluidic material 3595, will then exit the mud 
motor 3530 and enter the annular region surrounding the apparatus ,3500,,, , 
within the wellbore 3575. The mud motor 3530 will in turn drive the drijl bit , 
3535. The operation of the drill bit 3535 will drill out a new section of the , • . •< 
30 wellbore 3575! *" " 

In the case where the fluidic material 3595 comprises a hardenable 
fluidic material, the fluidic material 3595 preferably is permitted to cure and . 
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form an outer annular* body surrounding the periphery of t&e expanded tubular 
member 3525. Alternatively, in the case where the fluidic material 3595 is a 
non-hardenable fluidic material, the; tubular member 3595 preferably is 
expanded into intimate contact with the interior walls of the wellbore 3575. In 
5 this manner, ah oiiter annular body isi hot provided' in all applications. 

As illustrated ih Figure 22C, at some point during operation of the mud 
motor 3530 and drill bit 3535; the pressure drop across the mud motor 3530 
will create sufficient back pressure to cause tie operating pressure within the 
pressure* chamber 3550 to Elevate to the pressure necessary to extrude the ^ f 
10 tubular member 3525 off of the mandrel 3510. The elevation of the operating 
p^sure^tihinC^the pressure chamber 3550 will then cause the tubular member 
3525 to extrude off of the' mandrel 3510 as illustrated in Figure 22D. For ^ r 
typical ^b^ pressure may rang^ " 

exa^le^om ^buit IjOOO to 9^00Opsi. In this manner, a wellbore ^ihgi^ ^^^^ 
15 formed simultaneoii^ virith the drilling out of a new section of wellboreP ^ ^ ^ 
■ ■ - In- a particularly preferr^ embodiment, during the operation of the f - ^ 
apparatus 3500; the apparatus 3500 is lowered into the wellbore 3575 untU the ^ 
drill bit 3535 is proximate the bottom of the wellbore 3575. Throughout this " 
process, the tubular member 3525 is preferably supported by the mandrel 35W! 
20 The apparatus 3500 is theii lowered until the driU tit 3535 is placed in contact": 
with the bottom of the wellbore 3575. At this point, at least a portion of the r ' 
weight of the tubular member 352b is supported by the drill bit 3535. H f 

The fluidic material 3595 is then pumped into the first fluid passage 
3540, second fluid passage 3545, pressure chamber 3550, third fluid passage 
25 3555, and the inlet of the mud motor 3530l The mud motor 3530 then drives 
the drill bit 3535 to drill but a new section ofW weilbore 3575. ' Once the 
differential pressure across the mud motor 3530 exceeds the 

minimum 

extrusion pressure for the tubular member 3525, the tubular member 3525 
begins to extrude off of the mandrel 3510. As the tubular member 3525 is 
30 extruded off of the mandrel 3510, the weight of the extruded portion of the 

tubular member 3525 is transferred to and supported by the driil bit 3535. In a 
preferred embodiment, the pumping pressure of the fluidic material 3595 is 
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maintained substantially constant throughout this process. At some point 
during the process of extruding the tubular member 35£5 off of the mandrel 
3510, a sufficient portion of the weight of the tubular member 3525 is 
transferred to the drill bit 3535 to stop the extrusion process due to the- . 
5 opposing force. Continued drilling by the drill bit 3535 eventually transfers a , x 
sufficient portion of the weight of the extruded portion of the tubular member 
3525 back to the mandrel 3510. At this point, the extrusion of the, tubidar 
member 3525 o£F of the mandrel 3510 continues. In this manner, the support » ,., 
member .3505 never has to be moved and no drillpipe connections have to be . 
10 made at the surface since the new sectioi* of the wellbore, casing within the ; 
newly drilled section of wellbore is created by the constant downward feeding of 
the expanded tubular member 3525 off of the mandrel 3510, v i ( ^ 

, , Once the neyr section of wellbore that is .lme4^tl^.|be.fvUy expanded - -< 
; ; tubular member 3525 is completed, the support member 3505 and mandrel 
15 3510 are removed from the wellbore 3575. The drilling assembly including the 

; mud motor 3530 and drill bit 3535 are then preferably removed by lowering a 
, A drillstring into jthe new section of wellbore casing, and retrieving the drilling 
assembly by using the latch 3600. ( The expanded tubular member 3525 i? these 
cemented using conventional squeeze cementing methods to provide a solid 
20 annular sealing member around £hp periphery of the expanded tubulai; member 
3525;' : * 

Alternatively, the apparatus 3500 may be used to repair o^ form ^n - 
underground pipeline or form a support member for a structure. In several 
preferred alternative embodiments, the teachings of the apparatus 3500 are ;v 
25 combined with the teachings of the embodiments illustrated in Figures 1-21. 
For example, by operably coupling the mud motor 3530 and drill bit 3535 to the 
pressure chambers used to pause the radial expansion of the tubular members 
of the embodiments illustrated and described with reference, to Figures 1-21, j 
the use of plugs may be eliminated and radial expansion of tubular members 
30 can be combined with the drilling out of new sections of wellbore. 

Referring now to FIGS. 23A, 23B and 23C, an apparatus 3700 for 
expanding a tubular member will be described. In a preferred embodiment, the. 
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apparatus 3700 includes a support member 3705, a packer 3710, a first fluid 
conduit 3715, an. annular fluid passage ? 3720, fluid inlets 3725, an annular seal 1 
3730, a second fluid conduit 3735, a fluid passage 3740; a mandrel 3745, a 1 
mandrel launched .3750, a tubular member 3755, slips 3760, and seals 3765/ In 
5 a preferred embodiment, the apparatus 3700 used to radially expand the 
tubular member 3755: In this manner, the apparatus 3700 may be used to fortn 
a wellbore casing, line a wellbore casing, form a pipeline, line a pipeline; form a 
structural support member, or repair a wellbore casing, pipelike or structural - 
support member. In a preferred embodiment, the apparatus 3700 ik used to ^ ' 
10 clad at least s portion of the tubular member 3755 onto a preexisting tubular 
member., j v ,7.^. ; . * -. < * : <* '■■ . .., ^-/..^.v 

< fThersupport member 3705 is pteferably coupled to the packer 3710 and^ v: 
the man<fa-eklaunc&^^ preferably Emprises & r 

tubular member fabricated from any number of conventional conu^erai^ 1 
15 available inaterials audi as* for example, oilfield !couhtry tubular ^bcis|i^w W ! r x 
alloy steely carbon steel, or stainless steel. The suppbrt member 370£ is • ^ v ^ 
preferably selected to fit though a preexisting section of wellbore <ksihg ^770. 
In this manner, the apparatus^3700 may be {tositioned within the Wellbore 
casing 3770, In a preferred embodiment, the Support member 3705 is * ■ ^ 
20 releasably coupled;tb the mandrel launcher 3750; In this manner, the support 
member 3705 may be decoupled from the mandrel launchfer 3750 upon the ^ 
completion of an extrusion' operation.- - ^ ^ " i » > > ' 

The packer 3710 is coupled to the srippovt member 3705 and the first 
fluid conduit 3715. The packer 3710 preferably provides a fluid seal between 
25 the outside surface of the firat fluid condmt 3715 im^ 

support member 3705. In this manner, the picker 3710 preferably seals off 
and, in combination with the support member 3705/ first fluid conduit 3715, ' 
second fluid conduit 3735, and mandrel 3745, defines an annular chamber 3775. 
The packer 3710 may comprise any number >of conventional commercially 
30 available packers, modified in accordance with the teachings of the present 
disclosure. 
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The first flujd qonduit 3715 is coupled to the packer 3710 and the 
annular; seal 3730. The first fluid conduit 3715 preferably comprises an annular 
member fabricated from any number jof conventional commercially available 
materials such as, for example, oilfield country tubular goods, law alloy steel, 
5 carbon steel, or stainless steel. m In a preferred embodiment, the first fluid 1 
conduit 3^ 15 includes one or more fluid inlets 3725 for conveying fluidic 
materials from the annular fluid passage 3720 into the chamber 3775. 

The annular fluid passage 3720 is defined by and positioned between the 
interior surface of the first fluid coiuiuit 3715 and the interior surface of the 
10 seconcj fluid conduit 373$. The annular fluid passage 3720 is preferably * ■■' 
adapted to convey fluidic materials such as cement, water, epoxy, lubricants; * 
and slag mix at operating pressures and flow rated ranging from about 0 to 
9,000 p^i and 0 to 3,000 g^ons/n^inute in ord^ toioptim&lly provide ^ * 
operational efficiency. . . , , , j -vV.Y • ' v%-:K?'y - ; r? ■' O; * 

15 The fluid inlets 372,5 are positioned in an end portion of the first fluid 

: conduit 3715. The fluid inlets ,3^25'|>referably are adapted to convey fluidic 
materials such as cement, water, <epo*y, lubricants, and slag mix at operating 
pressures andQow rates ranging from about 0 toL9>000 psi and 0 to 3,000 r 
gallons/minute in order to optiipally proyide operatiohal efficiency. V; 
20 The annular spal 3730 is coupled to the first fluid conduit 3715 and the 

second flu^d conduit 3735 ? , The annular, s£al 3730 preferably provides a fltdd 
seal between the interior surface of the first -fluid conduit 3715 and the exterior 
surface pf the second florid txmchut. 3^35. The annular seal 3730 preferably 
provides a fluid seal between the interior aurfate of the first fluid conduit 3715 
25 and the exterior surface of the secondiluid conduit 3735 during relative axial d 
motion of the first fluid conduit 3715 and the second fluid conduit 3735. The 
annular seal 3730 may-comprise any number of conventional commercially 
available seals such as, for example, Q-rings, polypak seals or metal spring 
energized seals. In a preferred embodiment, the annular seal 3730 comprises a 
30 polypak seal available from Parker §eals in order to optimally provide sealing 
for axial motion. 
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The second fluid conduit 3735 is coupled to the annular seal 3730 and the 
mandrel 3745. The second Quid conduit preferably comprises a tubular 
member fabricated from any number of conventional commercially available 
materials such £s, for example, coiled tubing, oilfield country tubular goods, low 
5 alloy steel, sfcainldss steel, bt low carbon ste^l. in a preferred embodiment, the 
second fluid conduit 3735 is adapted to convey fluidic materials such as cement, 
water, epbxy, lubricants, and slag mix at operating pressures and flow rates 
ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute In order to 
optimaUy provide operational efficiency. 
10 Thfefluid passage 3740 is cdupled to the second fluid conduit 3735 and 

the mandrel 3745. In a preferred Embodiment, the fluid passage 3740 is 
adapted to convey fluidic materials such as cement, water, epoxy, lubricants, 
and slag inik at operating pr^ from about 0 to 

9,000 psi and'5 to ^Ofc^ to optimally provide 

15 operational efficiency, ' / 

The mandrel 3 745 is coupled to the second fluid conduit 3735 and the 
mandrel launcher 3750; Th^ bajidrel 3745 preferably comprise an annular 
member having a conic section fabricated from any number of conventional 
commercially available materials such ats, for example, carbon steel, tool steel, 
20 ceramics, or composite materials. In a preferred embodiment, the angle of 

attack the conic Section of the mandrel 37^5 ranges from about 10 to 30 degrees 
in order to optimally expand the mandrel launcher 3750 and tubular member 
3755 in tlie radial direction. In a preferred embodiment; the surface hardness 
of the conic section of the mandrel 3745 ranges from about 50 Rockwell C to 70 
25 Rockwell CI In a particularly preferred embodiment, the surface hardness of 
the outer surface of the conic section of the mandrel 3746 ranges from about 58 
Rockwell C to 62 Rockwell 0 in order to optimally provide high yield strength! 
In 'an alternative embodiment, the mandrel 3745 is expandable in order to 
further optimally augment the radial expansion process. 
30 The mandrel launcher 3750 is coupled to the support member 3705, the 

mandrel 3745, and the tubular member 3755. The mandrel launcher 3750 
preferably comprise a tubular member having a variable cross-section and a 

- 235 - 

SUBSTITUTE SHEET (RULE 26) 



WO 00/77431 PCT/ILOO/00245 



reduced wall thickness in order to facilitate the radial expansion process. In a 
preferred embodiment, the cross-seqtional area .of ;the mandrel launcher 3750. at 
one end is adapted to mate with the mandrel 3745, and at the. other end, the 
cross-sectional area of the ipaandrel launcher 3750 is adapted to n^tch the cross- 
5 sectional area of the tubular member 3755., In a preferred. eipbodjinent, the : 
wall thickness of the mandrel launcher 37£0 ranges from afciout 50 to 100 % of 
the wall thickness of the tubular member 3 ( 755 in . order- to facilitate the 
initiation of the radial expansion process. 

The mandrel launcher 3750 may be fabricated from any number of 
10 conventional commercially available materials such as, for example, oilfield 
country tubular goods, low allow steel, stainless steel, or carbon steel. Jn ^ 
preferred embodiment, the mandrel launcher 3750 is fabricated fppm ,oilfield - 
country tubid^^gopds having ^^er : s<^^gt^i. ^ujh^ni^ jmll tftfclrp^ £he r 
tubular member 3755 in order to optimally raatct^ the burst strepgth of the ( r 
15 tubular member 3755; In a preferred embodiment, the mandrel l^uncbeir 3750 
is removably coupled to the tubular member 3755. In this manner, the mandrel 
launcher 3750 may be removed;from the wellbore 3780 upon the completion of 
an extrusion operation. . , r w ^ 

The tubular member 3755 is coupled to the mandrel launcher, the slips 
20 3760 and the seals 376j5, 1 3^e tubular member 3755 preferably comprises a 
tubular member fabricated from any number of conventional commercially - 
available materials such as,, for example, low alloy steel, carbon steel, stainless 
steel, or oilfield country tubular goods. In a preferred embodiment, the tubular 
member 3755 is fabricated from oilfield country tabular goods., , . r 
25 The slips 3760 are coupled to the outside surface of the tubular member 

3755. The slips 3760 preferably are adapted to cou{$e to the interior walls of a 
casing, pipeline or o^h^r stxuctpre upon the radial expansion of the tubular 
member 3755. In this manner, the slips 3760 provide structural support for the 
expanded tubular member 3755. The slips 3760 may, comprise any number of 
30 conventional commercially available ?lips, modified ip accordance with the 
teachings of tii present disclosure. , ... i:i 
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The seals 3765 are coupled to the outside surface of the tubular member 
3755. The seals 3765. preferably provide a fluidic seal between the outside 
surface of the expanded tubular member 3755 and the interior walls of a casing, 
pipeline or other structure upon the radial expansion of the tubular member 
5 3755. In this manner, the seals 3765 provide a fluidic seal for the expanded 
tubular member 3755. The seals 3765 may comprise any number of 
conventional commercially available seals such as, for example, lead, rubber, 
Teflon or epoxy seals modified in accordance with the teachings of the present 
disclosure. In a preferred embodiment, the seals 3765 comprise s^ls molded - 
10 from Stratalock epoxy available from Halliburton Energy Services in Dallas, TX 
in otder to optimally provide a hydraulic seal in the overlapping joint and 1 • 
" optimally provide load carrying capacity to withstand the range of topical - 
tensile and compressive loads. ^\ - 

operation of the apparatus 3700, the apparatus 3700 is prefef alily 
15 lowered iiito a weUbore 3780 having a preexisting Section of vrollbore^akiiig ! ^ 

A , v , - ' * * ^ i - . / A. c \ , . r v -.. rv- ..." , ; 

3770^ In a preferred embodiment, the apparatus 3700 is j^sitibn^;with ki 

, .. , ' "v ; . : .;• * : ■* ' <•" \ •• ' > ■ • ' r * 1 ■ - .: A"* . . ■ - = A- 

least a pbrtidri of the tubular member 3755 overlapping with a pcntadn of the - ■ 

K vi: wellbbre casing 3770. In this manner, the radial expansion of tSe kibiiM 

member 3755 will preferably cause the outside surface of the expanded tubular 

20 member 3755 to couple with the inside surface of the wellbore casing 3776. In a 
preferred embodiment, the radial expansion of the tubular member 3755 will 
also caiise the slips 3760 and seals 3765 to engage with the interior sirrface of 
the wellbore casing 3770. In this manner, the expanded tubular member 3755 
is provided with enhanced structural support by the slips 3760 and an enhanced 

25 fluid seal by the seals 3(765. 

As illustrated in FIG.* 236, after placement of the apparatus 3700 in an 
overlapping relationship with the wellbore casing 3770, a fluidic material 3785 
is preferably pumped into the chamber 3775 using the fluid passage 37£0 and 
the inlet passages 3725. In a preferred embodiment, the fluidic material is 

30 pumped into the chamber 3775 at operating pressures and flow rates ranging 
from about 6 to 9,(*00 psi and 0 to 3,000 gallons/minute in order to optimally 
provide operational efficiency. The pumped fluidic material 3785 increase the 
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operating pressure within the chamber 3775. The increased operating pressure 
in the chamber 3775 then causes the mandrel 3745 to extrude the mandrel 
launcher 3750 and tubular member 3755 off of the face of the mandrel 3745. 
The extrusion of the mandrel launcher 3750 and tubular member 5755 off of 
5 the face of the mandrel 3745 causes the mandrel launcher 3750 and tubular 
member 3755 to expand in the radial direction. Continued pumping of the 
fluidic material 3785 preferably causes the entire length of the tubular member 
3755 to expand in the radial direction. 

In a preferred embodiment, the pumping rate and pressure of the fluidic 

10 material 3785 is reduced during the latter stages of the extrusion process in 
order to minimize shock to the apparatus 3700. In a preferred embodiment, the 
apparatus 3700 includes 'shock absorbers for absorbing the shock caused by the 
completion of the extrusion process. 

In a preferred embodiment, the extrusion process causes the mandrel 

15 3745 to move in an axial direction 3785, During the axial movement of the 
mandrel, in a preferred embodiment, the fluid passage 3740 conveys fluidic 
material 3790 displaced by the moving mandrel 3745 out of the wellbore 3780. 
In this manner, the operational efficiency and speed of the extrusion process is 
enhanced* 

20 In a preferred embodiment, the extrusion process includes the injection 

of a hardenable fluidic material into the annular region between the tubular 
member 3755 and the bore hole 3780. In this manner, a hardened sealing layer 
is provided between the expanded tubular member 3755 and the interior walls 
of the wellbore 3780. ' ■ . 

25 As illustrated in FlG. ^3C, in a preferred embodiment, upon the 

completion of the extrusion process, the support member 3705, packer 3710, 
first fluid conduit 3715, annular seal 3730, second fluid conduit 3735, mandrel 
3745, and mandrel launcher 3750 are moved from the wellbore 3780. 

In an alternative embodiment, the apparatus 3700 is used to repair a 

30 preexisting welmdrec^mg,' pipeline, or structural support. In this alternative 
embodiment, both ends of the tubular member 3755 preferably, include slips 
3760 and seals 3765. ' 
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III ah alternative enibodiment, the apparatus 3700 is used to'form a 
tubular structural support ^ for a building or offshore structure. 

Referring how4»FIGS. 24A, 24B; "24C, 24ft, and 24E, an apparatus 3900 
for expanding a tubular member will be described. In a preferred Jembodmient, 1 
5 the apparatus 390^ includes a support member 39*05, "a mandrel launcher 3910, 
a maiadrel 3915; a first fluid passage r 3926; T a tubular member 3925, slips 3930, 
seals 3935, a shoe 3940, and a second fluid "passage 3945. In a preferred 
embodiment, the apparatus 3900 is used to raolaUy expand mandrel • 
Hl4?^ er 3910 tubular member 3925. In this manner, the apparaW390to 
10 maybe iised Wform a weUbore casmg, ime a wellbore casing, form a pipeline, 
J&V* P*P^% support member, W repair a wellbore casing 

H&feij^^® ot structural support memberl 11 In a preferred embodiment,' ; £he- . 
apparatus 3900 as used to dad at least a ptfrtion J bf the tubular member 3925 ' 
onto a preexisting structural member. '' ( ; '-.^r \ -c, 

15 The support member 3905 is preferably coupled to the mandrel launcher 

3919. ^he support member 3905 preferably comp^es a tubular member ? 
;i ^fa^cate^feom any number of c«nveriti6n ! al cbmmerciaUy available materials ■ - 
t such as, for example, oilfield coim^teiii^goods^l^allay steel^carbon steel, 
i9& $ tainless steel: The support member 3905f &e manctefiauncher 3910, the 
20 tubular member '3925,"and the shoV3940 are preferably selected to fitthrough a 
preexisting section of weUi3 ? ore c^mg-3956. ; 'in this manner, like apparatus 3900 
may be pcsitiotfed witlmi : the Velibor% casing 3970. In a preferred embodiment, 
the support member 3905 is" releasably c«upied to 7 the mandrel iauncher J 3910. 
In this. manner, the support member 3905 miry be decupled from the mandrel 
25 launcher 3910 upon the completion of ah extrusion operation 1 . 

The mandrel launcher 3910 is coupled to Me support member 3905 and 
the tiibular member 3925V The mandrel launcher 3910 preferably comprise a 
tubular member having a variable v cr6ss4ection' and a reduced wall thickness in 
order to faciUtate the radial expansion process. In a preferred embodiment, the 
30 cross-sectional area of the mandrel launcher 3910 at one end is adapted to mate 
with the mandrel 3915, and at the other ehd\ the 1 cross-sectional area of the 
mandrel launcher 3910 is adapted to match the croVs.sectional area of the ' 
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tubular member 3925. In a preferred embodiment,, the wall thickness of the 
mandrel launcher 3910 ranges from about 50 ,to 100 % { <of the wall thickness of 
the tubular member 3925 in order to facilitate the initiation of the radial 
expansion process. ' h- ' ■ *."*■' • - * r -' • i ■ - -v> 

5 The mandrel la^cher ^ . : t A 

conventional commercially available materials such as, for example, oilfield 
country tubular goods, low allow; steel, stainless steel, pt carbon steel J ;In a 
preferred embodiment, the mandrel launcher 3910 is fabricated from oilfield , > 
country tubular goods having higher strength but lower watU thickness than the 

10 tubular member 3925 in order to optimally match the, burst strength of the > ^ 
tubular member 3925. In a preferred en^odi^e^t,^the,na^ 3910 - 

. is removably coupled to the tubular memb^392£^r^^ mandrel 
launcher 3910 may be removed ff;om the wellbore ^9^0 jU^^^e ^Gpmpletion of 

l ^jan extrusion operation.- ^. , ^vy/^u^ u- :: '"- : ^VSfft^^ :;i 1 ' :r ¥ - 

15 The msmdrel 3915 i^ TOup :xA 

mandrel 3915 preferably comprise an ftn n u 1 ar member g a conic section 

fabricated from any number o£ cqu ventioyL^l ^mmercisdly;- available materials l ;j • 
. vSuch as, for example, tool steel, carbon steel, Ramies, oir composite materials. ? 
;a In a preferred en^odiin 

20 mandrel 3915 ranges from about lO^to 30 degrees ip. prde^r tp optixqajly expand 
i the mandrel launcher 3910 and the tubular member 3925 in the radial % 
direction. In a preferred embodiment, tj^e surface hardnes^ pf the conic section 
of the mandrel 3$1§ ranges from about, 58 tp 62 Rockwell C in order to ^ - 
optimally provide high strength and Resist wear ftnd galling. In; an alternative 

25 embodiment, the mandrel 3915 is expandable in order to .further optimally - 
augment the rachal expansion process. . t L A 

The fluid passage 3920 is positioned wt^in.the mandrel 3915- Theifluid- 
passage 3920 is preferably adapted |»,convey fluidic materials such as cement, v 
water, epoxy, lubricants, and slag mix at operating pressures and flow rates - 

30 ranging from about 0 to 9,000 psi an<k0: to 3,000 gallpns/miiiute ins order to - 

optimally provide operational efficiency. The fluid pasisage 3920. preferably ' ^ 
includes an inlet 3965 adapted to receive a plug, or pther a similar^ device, tfri this * 
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manner; the interior chamber 3970 above the mandrel 3915 iriay be fluidicly 
isolated from the interior chamber 3975 below the mandrel 3915. 

The tubular member 3925 is coupled to the niandfel launcher 3910, the 
slips 3930 and the seals 3935: The tubular member 3925 preferably comprises a 
5 tubular mfember fabricated from any 'number? of conventional comniercially 
available materials such as, fdt example, low alloy steel, carbon 1 steel, stainless 
steel, of : oilpeld country tubular goods. In a preferred embodiment; the tubular 
member ,3925 is fabricated from oilfield country tubular goods. * * ' 

The slips 3930 are coupled to the outside surface i>f the tubular member 
10 3925; The slips 39313 preferably are adapted to couple to the iiiterior walk of a: 
v casing pipeline or other structure upon the radial expansion of the tubular 

member 3925. In this manner, the slips 3930 ^provide structural support for the 
expanded tubular niembeF 3925. The4lips 393$^ay comprise any number of 
* conventional commercially available ^j^^odified^ta accordance with the 
ul5 teachings of the pr^ent'^cioi3ture/4- y&L* # -T^^f • " ^ 
The seals 3935 are coupled to the dufaide siulface'of the tubular member 
3S25. The seals 3935 preferably pro\dde #fluidid seM 

surface of the expanded tubular member 3§^%i^1the^terior walls of a casing, 
pipeline or other structure upon the radial expansion df the tubular meiiber 

20 3925. In this* manner, the seals 3935 provide a fliiidic seal for the expanded 
tubular member 3925. The seals 3935 may comprise anjr number of 
conventional commercially available seals stt^^^ior example, lead, rubber or 
epoxy. In a preferred eii^diideb^ the seals 3935 comprise Stratalok epoxy 
material available from Halliburton Energy Services in order to optimally 

25 provide structural 3upport for the typical tensile and compressive Idads. 

The shoe 3940 is coupled' to the tubular member 3925; The shoe 3940 
preferably comprises a substantially tubular member having a fluid passage 
3945 for conveying fluidic materifiils from the chamber 3975 td the annular 
region 3970 outside of the apparatus 3900: The shoe 3940 may comprise any 

30 number of conventional commercially available shoes mbdified in accordance 
with the teachings of the present disclosure. - 
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During operation of the apparatus 390$, the, apparatus 3900 is preferably 
lowered into a wellbore. 3960. haying a, preexisting section of wellbore casing , 
3975. In a preferred embodiment, the apparatus 3900 is positioned with at 
least a portion of the tubular member 3925- overlapping with a portion of the 
5 wellbore casing 3975., In this manner* the radial expansion of the tubular < > ; ■' 
member 3925, will preferably cause the outside surface of the expanded tubular 
member, 3925 to couple with the, inside surface of the wellbore casing 3975. In a 
preferred embodiment, the radial expansion of the tubular member 3925 will 
, also; cause the slips 3930 and seals 3935 to engage with the interior surface of 
10 the wellbore casing 397$* In this manner, the expanded tubular member 3925 
is provided .with enhanced structural support by the slips 3930 and an enhanced 
- fluidvse^byvthe seals 3935.-,-..- i; > _ jMU: i; : v. ;-- s ^^^^.. t - v 

h -^As ^ustwU^.m FIG. ; 249, after placement 
s^oyerlapp^ with the wellbore easing 39T^\^fluidfem 

15 is preferably pumped into the chamber 3970, Tlie; fluidic material 3980 then :* ;;. 

; : passes through the Quid pass^ ^ 
•* ■ > -material 3^8P. then passes out of the chamber 397$, through the fluid passage 1 
3945, and into the annuJar, region 3970, In a preferred en^odiment^ the fliiidic 
materia^ 3980 is pumped into the chapaber 3?70 at operating pressures and 
20 rates ranging from about 0 to 9,000 psi and 0 to 3,000 gallons/minute in order .£ 
to optimaUy provide operational efficiency. * In a preferred embodiment, the 
fluidic material 3980 cornprises a hardenabl^. fluidic sealing material in ordferto - 
form a hardened outer aim ul^^^ around tfee expanded tubular member 

25 As illustrated ijiJFICk, 24G K at some later point in the process, (a ball 3985, 

plug or other similar device, is introduced into the pumped fluidic material 
3980, , In a preferred embodiment, the bftll 3935 mates with and seals off the ' 
inlet 3965 of the flixid passage 3920 r In this manner, the chamber 3970 is 4 
fluidicly isolated from the chamber :3975; . 

30 As illustrated in^Ip. 24P, after placement of the ball 3985 in the inlet 

3965 of the fluid passage 3920, a fluidic material 3990 is pumped into the < 
chamber 3970. The fluidic material is preferably pumped into the chamber 
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3970 at operating pressures and flow rates ranging from about 0 to 9,000 psi 
and 0 to 3,000 gallons/minute in order to provide optimal operating efficiency. 
The fluidic material 3990 may comprise any number of conventional 
commercially available materials such as, for example, water, drilling mud, 1 
5 cement, epoxy, or slag mix. In a preferred embodiment, the fluidic material 
3990 comprises a non-hardenable fluidic material in order to maximize 
operational efficiency. 

Continued pumping of the fluidic material 3990 increases fluidic material 
3980 increases the operating pressure within the chamber 3970. The increaS^T^ 
10 operating pressure in the chamber 3970 then causes the mandrel 3915 to 

extrude the mandrel launcher 3910 and tubular member 3925 off of the conical- 
face of the mandrel 39i5. The extrusion of the mandrel launcher 3910 and^- - 
tubiularimemb^t' 3925 ofTof the conical face of the mandrel 3915 causes the- * 
, mandrel laiipL<Aer 3^10 and tabular member 3925 to expand in the ^fiail-^^^^* 
15 vdirectioii^ Continued pumping of the fluidic material 3990 p^ferAl^causes the 'f 
entire length o£the tubular member 3925 to expand in the radial dii^tibri^ ^ r 
, In a preferred embodiment, the pumping rate and pressure of the fluidic 1 ^ 
material 3990 is reduced during the latter stages of the extrusion process in- 
order to minimiz e shock to the apparatus 3900. In a preferred embodiment, the 
20 apparatus 3900 includes shock absorbers for absorbing the shock caused by th# 
completion of the extrusion process. In a preferred embodiment, the extrusion^ 
process causes the mandrel 3915 to move in an axial direction 3995. ^ 

As illustrated in Fltr. 24E, in a preferred embodiment, upon the 
completion of the extrusion process, the support member 3905, packer 3910, 
25 first fluid conduit 3916, annular seal 3930, second fluid conduit 3935, mandrel 
3945, hud mandrel launcher 3950 are removed from the wellbore 3980. In a 
preferred embodiment, the resulting new section of wellbore casing includes the 
preexisting wellbore casing 3975, the expanded tubular member 3925, the slips 
3930, tlie seals 3935, the shoe 3940, and an outer annular layer 4000 of 
30 hardened fluidic material. 
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In an alternative embodiment, the apparatus 3900 is used to repair a 
preexisting weilbore casing or pipeline. In this alternative embodiment, both 
ends of the tubular member 3955 preferably include slips 3960 and seals 3965. 
In an alternative embodiment, the apparatus 3900 is used to form a 
5 tubular structural support for a building or offshore structure. 

Referring to FIGS. 25 and 26, the optimal relationship between the angle 
of attack of an expansion mandrel and the minimally required propagation 
pressure during the expansion of a tubular member will now be described. As 
illustxated in FIG. 25, during the radial expansion of a tubular member t410Q by 
10 an expansion mandrel 4105, the expansion mandrel 4105 is displaced in the 
axial direction. The angle of attack a of the conical surface 4110 of the -y 7 
y.- ? expansion mandrel 4105 directly affects the required propagation pressure P PR % 
necessary to radially expand the tubular member 4100. Referring to FIG?*26,? ^ 
- ■ ;$>r i^icai grades of materials and typical geometries, the propagation pressure - 
15 rPpii^is ^minimized for; an angle of attack of approximately 25 degrees. v ^ - ^ . 
Furthermore^ the optimal range of the angle of attack a ranges from about 10 to 
r30 degrees .in order to minimize the range of require minimum p r npng^n n 
pressure P PR . " A • > 

^^^ferr^uttg to FIG. 27, an embodiment of an expandable threaded 
20 connection 4300 will now be described. The expandable threaded connection 
4300 preferably includes a first tubular member 4305, a second tubular niember 
4310, a threaded connection 4315, an O-ring groove 4320, and an O-ring 4325, 

The first tubular member 4305 includes an inside wall 4330 and an 
outside wall 4335. The first tubular member 4305 preferably comprises an * 
25 annular member having a substantially constant wall thickness. The second 
tubular member 4310 includes an inside wall 4340 and an outside wall 4345. 
The second tubular member 4310 preferably comprises an annular member 
having a substantially constant wall thickness. - 
The first and second tubular members, 4305 and 4310, may comprise any 
30 number of conventional commercially available members. In a preferred 
embodiment, the inside and outside diameters of the first and second tubular 
members, 4305 and 4310, are substantially equal. In this manner, the burst 
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strength' of the tubular membera, 4305 and 4310^ are Substantially equal. This 
minimizes the possibility of k catastrophic failure during the radial expansion 
process. - 

The threaded connection 4315 may comprise any number of 
5 conventional threaded connections suitable for us& with tubular members. In a 
preferred embodiment, the tlxreaded connection '4315 comprises a pin-and-box 
threaded connection. In this manner, the assembly of the first tubular member 
4305 to the secoiid tubular member 4310 is optimized. 

The O-ring groove 4320 is preferably provided in the threaded portion of 

r + ~ ....... 

10 the interior wall 4340 of the second tubular member 4310. The O-ring groove 

' - - 

4320 is preferably adapted to receive and support one or more O-rings. The 
volumetric size of the O-ring groovfe 4320 is preferably selected to permit the O- 
riiig 4325 to expand* at least ap^ axial direction during the 

radial expansion ffrocess^ of the outer surface 

15 4345 of the se<xmd tubiriar memto^ upon the completion of the 

radial expansion process is minimized. ' ? 1 

The O-ring 4325 is suppb The O-ring 

4325 optimally ensures that a fluid^tight seal is maintained between the first 
tubular member 4305 and the second tubular member 4310 throughout and 

20 upon the completion of the radial expansion process. 

Referring to FIG. 28, an' alternative embodiment of an expandable 
threaded connection 4500 will now be described. The expandable threaded 
connection 4500 includes k first tubular member 4505, a second tubular 
member 4510, a threaded connection 4515, iin O-ring grobve 4520, and an O- 

25 ring 4525. - ' .'c- ^ • - — • — ' " - > 1 : v ' • - 

The first tubular member 4505 includes aii inside wall 4530 and an 
outside wall 4535. The first tubular member 4305 preferably comprises an 
annular member liaving a substantially constant wall thickness. The second 
tubular member 4510 includes an inside wall 4540 and an outside wall 4545. 

30 The second tubular member 4510 preferably c mprises an annular member 
having a substantially constant wall thickness. 
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. The first aund s^ 4505, and 4510, may comprise any 

number of conventional commercially available, members. In a preferred 
embodiment, the inside and outside diameters of the first and second tubular 
members, 4505 anci 4510, are substantially equal. Jn f this manner, the burst * 
5 strength of the tubular members, 4505 and 4510, are substantially equal. This 
minimizes the possibility of a catastrophic failure during the radial expansion 
process. r ^ ^ „. : , r 

The threaded connection 4515 may comprise any; number qf 
conventional threaded connections suitable for use with tubular members. In a 1 
10 preferred embodiment, the threaded connection 4515 comprises a pin-and-box 
threaded connection. In this manner, the assembly, pf the first tubular^meipber 
4505 to ^e sewnd tubular .-■"■«,' - L - y t ^t-.^' 

The O-^g grpoye 45^0^ p 
the interior wall 454Q,of the second tubular member 451ft immediately adjacent ; 
15 to an end portion of the treaded collection 4515. In thip manner, the sealing' - 
effect provided by the O-ring 4525 is optimized. The O-ring groove 452Q is r ^ 
preferably adapted to receive and support one or mpre 0-rings^ The volumetric '4 
size of the p-ripg groove 4520 is preferably selected to ^permit the O-ring 4525 vi 
to exp£md at least ^ the axial directiop during the radial - 

20 expansion process. In this manner,, deformation of the outer surface 4545 of the 
second tubular member 4510 4urmg and upon £he completion of the radial 
expansion process is minimized. > r * 

The O-ring 4525 is supported by.the 0-x£ng g^Qve,4520. T|ie Orring 3 
4525 optimally ensues that a fluid- tight seal ip maintained between the first 
25 tubular member 4505 and the second tubular member 4510 throughout and ■ 
upon the completion of the radial expansion process. „ . 

Referring to FIG. 29, an alternative embodiment of an expandable 
threaded connection 4700 will now be described. The expandable threaded 
connection 4700 includes a first tubular member £705, a second tubular 
30 member 4710, a threaded connection 4715 K an O-ring groove 4720, a first _Gr r 
ring 4725, and a second O-ring 4730. , , 
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The first tubular member 4705 includes an inside wall 4735 and an 
outside wall 4740. The first tubular member 4705 preferably comprises an 
annular member having a substantially constant wall thickness. The second 
tubular member 4710 includes an inside will 4745 and an outside -wall 4750. 
5 The second tubular member 4710 preferably comprises an annular member 
having a substantially constant wall thickness. 

The first and second tubular members, 4705 and 4710, may comprise any 
number of conventional commercially available members. In a preferred 
embodiment, the inside and outside diameters of the first and second tubular 
10 members, 4705 and 4710, are substantially equal. In this manner, the burst 
strength of the tubular members, 4705 and 4710, are substantially equal. This 

minimizes the possibility of a catastrophic failure during the radial expansion 

■ ■■ T-or- du*> a?-. "Ccx- r^;.^''.; v ^ vTV* •:. ; • "- !• c re- 

process. 

The threaded <x>nnection 4715 may comprise any number of 

15 conventional threaded connection^ stiiti^le for iis4 members. In a ' 

preferred embodiment, the threaded comiectioBL 4715 comprises a pin-and-box 
threaded connection. In this manner; the assembly of the> first tubular member 
4705 to the second tubular member 47l6 is optimized 

The O-nng groove 4720 is preferably provided hi the threaded portion of 

20 the interior wall 4745 of the second tubular member 4710 immediately adjacent 
to an end portion of the threaded connection 4715. In this manner, the sealing 
effect provided by the O-rihgs, 4725 and 4730f is optimized. The O-ring groove 
4720 is preferably adapted to receive and support a plurality of O-rings. The 
volumetric size of the 6-ring groove 4720 is preferably selected to permit the O- 

25 rings, 4725 and 4730; to expand at least approximately 20% in the axial 

direction during the radial expansion process. In this manner, deformation of 
the outer surface 4^50 of tixe second tubular member 4710 dining and upon the 
completion of the radial expansion process is minimized. 

The ; O-rings, 4725 and 4730, are supported by the O-ring groove 4720. 

30 The pair of O-rings, 4725 and 4730, optimally ensure that a fluid-tight seal is . 
maintained between the first tubular member 4705 and the second tubular 
member 4710 throughout and upon the completion of the radial expansion 
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process. In particular, the use of a pair of adjacent O-rings provides redundancy 
in the seal between the first tubular member 4705 and the second tubular 
member 4710. 

Referring to FIG. 30, an alternative embodiment of an expandable 
5 threaded connection 4900 will now be described. The expandable threaded 
connection 4900 includes a first tubular member 4905, a second tubular 
member 4910, a threaded connection 4915, a first O-ring groove 4920, a second 
O-ring grove 4925, a first O-ring 4930, and a second O-ring 4935. 

The first tubular member 4905 includes an inside wall 4940 and an f 

10 outside wall 4945. The first tubular member 4905 preferably comprises an 
annular member having a substantially constant wall thickness. The second 
tubular member 4910 includes an inside wall 4950 and an outside wall 4955. 
The second tubular member 49 10 preferably comprises an annular member > , 
having a substantially constant wall thickness. < 

15 The first and second tubular members, 4905 and 49 JO, may comprise any ~ 

number of conventional commercially available tubular members. In a 
preferred embodiment, the inside and outside diameters of the first and second 
tubular members, 4905 and 4910, are substantially equal. In this manner, the 
burst strength of the tubular members, 4905 and 4910, are substantially, equal. 

20 This minimizes the possibility of a catastrophic failure during the radial 
expansion process . 

The threaded connection 4915 may comprise any number of 
conventional threaded connections suitable for use with tubular members. In a 
preferred embodiment, the threaded connection 4915 comprises a pin-and-box 

25 threaded connection. In this manner, the assembly of the first tubular member 
4905 to the second tubxilar member 4910 is optimized. 

The first O-ring groove 4920 is preferably provided ill jtbe threaded 
portion of the interior wall 4950 of the second tubular member 4910 that is 
separated fir man end portion of the threaded connection 4915. In this 

30 manner, the sealing effect provided by the 0-ring3, 4930 and 4935, is v 
optimized. The first O-ring groove 4920 is preferably adapted to receive a^id 
support one more O-rings. The volumetric size of the first O-ring groove 4920 t 
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is preferably selected to permit the O-ring 4930 to* expaticl at least 
approximately 20% in the axial direction c during the radial expansion process. In 
this manner, deformation of the outer surface 4955 of the second tubular 
meinbear 4910 during and tipoii the completion of the radial expansion process is 
5 mihimized. " r 1 u 1 L 

The second O^nng groove 4 4Q25 isVrefera!bly provided in the threaded 
portion of the interior wail 4950 of the second tubular member 4910 that is 
immediately adjacent to an end portion of the threaded connection 4915. In, 
this manner, the sealing eflpMt^rbvided by the O-rings, 4930 and 4935, is ? 
10 optimized. The second O-ring groove 4925 is preferably adapted to receive and 
support ODf^ more O-rmgs. The volumetric size of the second O-ring grobvfe 
:) 492§4§ -fe^Wably selecl^ to peiTmt tiie O^rihg 4935 to expand at leasti##l + r ^ 
approximate!^^ in the axial direction during the radial expansion process Ma ^ : 
f of theouter surface 4955 o( the second tubular f 

? 15 ; meirij^fc^ the completion of tlae radial fexpaia process Is r 

- minimized. ? . V^%-, " 111 ' J i :t ■ r^£Av-;# 

and 4925. Jj&euseofa^ %' ^ 

separate optimally ensures that a fluid-tight seal is maintained between llSe *- ^ 

20 first tu$ular;menibbr 4905 anil the second tubular meiriber 4910 throughout ^ * 
and uponVthLe completion "of the radial expansion process. Ih partiadar, the'use 
of a pair of O-ririgs provides r^iindancy^m the seal between 'the "first tubular 
member 4905 'and the sebi^^ * " " *" h 

In a preferred emlxM^^ ejcpandabie threaded connections 4300, 

25 4500, 4700; and/OT 4900 are 

embodiments illustrated in 1FIGS. 1-24E iii onter^lto optimally expand a plurality 
of tubular 'memlpfers coupled end to end using the expandable threaded 
connections 4300, 1 4500, 4700 and/or 49001 r 

A method of creating a casing in "a borehole located in a subterranean 

30 formation has been described that includes installing a tubular liner and a 
mandrel in the bbrehote. A body of fluidic material is then injected into the 
borehole. The tubular liner is then radially expanded by extruding the liner off 
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of the mandrel. The injecting preferably includes injecting a hardentabie fluidic 
sealing material into an annular region located between the borehole and the. 
exterior of the tubular liner: and a non hardenable fluidic material into an 
interior region of the tubular liner below the mandrel. ^ yhe method preferably 
5 includes fluidicly isolating the annular region from the interior region. befpncp , 
injecting the second quantity of the non bar jlen able sealing material ipto the 
interior region. The injecting the hardenable fluidic seatog material is 
preferably provided ,at operating pressures and flow rates ranging froni about 0 
to 5000 psi and 0, to 1,500 gaUons/ipin. The injecting of the non hardenable 

10 fluidic material is preferably provided, at operating pressures and flow rates 
ranging from ahoujt 5Q0 to 9p00 p^i and 40 to 3,000 gallons/min. Tite in^Jipg 
of tiie nonxhOTden^le :flmdic m c y- tr v 

operating pr^stu^^^d^flpyir rates dui^g ^ epd ^rtdo^i of t^^e^tn^4in^ : The 
mqn hardenable fluichc materia^ is preferably injectocl below the inapt dre^ ^The 

15 method pref ?rablytincl^d^ pr^^urizing^a region of the tubular, |in^r below th#^ 
mandrel. The region of the tubular liner below the mandrel is preferably \ ; : u 
pressurized to pressures ranging from about 500 .to 9,000 psi. The .method ^ 
preferably includes fluidicly isolating an interior region of the tubular liner 
from, an exterior region of the. tubular liner. The method further jg^feraljly ; . v 

20 includes curing the hardenable sealing material, and removing at least a portion 
of the cured sealing material located within the tubular liner. The method 
further preferably mcludes, overlapping the tubular liner with an existing / 
wellbore casing. The method furth^^ overlap 
between the tubular liner md the ^ The method further 

25 preferably includes supporting the extri^ed tubxil^r linetr using the overlap 
with the existing wellbore casing. Th$ method further preferably includes 
testing the integrity of the seal in the overlap between the tubular liner and the 
existing wellbore casing. The method t fuiilier preferably includes removing at , 
least a portion of the hardenable fluicUc sealing material within the tubular 

30 liner before curing. The method ^ fur^er preferably includes lubricating tfye - 
surface of th mandrel. -The^ method further preferably includes absorbing r 
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shocks The method further preferably includes catching the mandrel upon the 
completion of the extruding;. ^ ^ ~ 7 ' i 

Ah apparatus for cheating a 5 casing in k borehole located in a 
subterranean formation has been dekciribied that includes a support member, a 
5 mandrel, a tubular member; and a shoe. The support member includes a first 
fluid passage. The mandrel is certified to'the support member and includes a 
second fluid passage. The tabular Member is coupled to the mandrel. Tile shoe 
is coupled to the tubular liher and includes a third fluid passage. The first," 
, 'second and third fluid passaged are operably coupled The^upport member 
10 preferably further includes a pressure relief passage, arid a flow control valve 
coupled td'the first fluid passage and the pressure relief passage. TTxe support 
n member further preferably includes a shock absorber. Th£ support member 
v .. ? preferably inchid&s one dr^more sealing membera adapted^ to foreign 
e ^ ^matertel froni Wfa^j^ajfr Mt^ 
15 is preferably expandable* The tohular mem^^ 
materials selected from thfe group cbmiistmgof ^ 

chromium steel tubing/casing, arid plastic casing. The tubidar me^^ ? 
preferably has inner and outer diameters ranging from about 3 to 15.5 inches 
? r ^anA$;5 tol6 inches, respectively This tubular mey^ ^eferably has a plastic 
^Ov^ield point ranging from about 40,000 to l35;000 f>si. The tubular member ' 
, preferably includes one or more sealing members at an end portiori. The 
tubular member preferably includes one or more pressure relief holes at an end 
portion. The tubular member preferably includes a batching member at an end 
portion for slowing down the maridrel. The shoe preferably includes an inlet 
25 port coupled to the third fluid passage, the inlet port adapted to receive a plug 
for blocking the inlet porti * The shoe preferably is drillable; 

A method of joining a second tubular member to a first tubular member, 
the first tubular member having ah inner diameter greater than an outer 
diameter of the second tubular member, has been described that includes 
30 positioning a mandrel within an interior region ot the second tubular member, 
positioning the first and second tubular members in an overlapping 
relationship, pressurizing a portion of the interior region of the second tubular 
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member; and extruding the second tubular mepiber pff of the .mandrel into 
engagement with the first tubular member. The pressurizing of the portion of 
the interior region of the second tubular member is preferably provided at 
operating pressures rangjj^g from about 50Q t^9,000 v psi. Th<j pressurizing of. 
5 the portion of the interior region^of the second tubular member is preferably 
provided at reduced operating pressures during a latter; pqrtiqn of the * r ; f . ■ * ■ i. • 
extruding. The method further preferably includes sealing the overlap between 
the first and second tubular members. The method further preferably, includes 
supporting the extruded first .tubular member using the overlap with the second 

10 tubular member. The method further preferably includes lubricating the 

surface of the, mandrel. The m^thpd fiuther; preferably indudes absprbiiig; , , 
shock. ' . . ... ■. .\. ,. . ^ 

A liner for use in creating a new sectiopvo£^ a o ; ? i 

subterranean formation adjacent to an already 

15 casing has been described* that 

member includes one or more sealing members, e& asx end portion of the annular 
member, and one or more pressure relief papsag^s at an end portion of the 
annular member. 

A wellbore casing has been, described that includes a tubular liner and an 
20 annular body of a cured fluidic sealing material. Th^ tubular liner |s formed by 
the process of extruding the tubi4^ r lme^ The tubular liner is; 

preferably formed by the process 9f placing the tubular liner aiid mandrel 
within the wellbore, and pressurizing an interior portion pf the. tubular liner. 
The annular body of the cured fluidic sealing material is preferably fornied by . 
25 the process of injecting a body gf hardenable fluidic sealipg material into an 
annular region external of the tubular Uner. During the, pressurizing, the v 
interior portion of the tubular liner is preferably fluidicly isolated from an 
epcterior portion of the tubtilar liner. The interior portion of the tubular liner is 
preferably pressurized to pressures ranging frqjn about 500 to 9,000 psi. The 
30 tubular liner preferably overlaps with an exists The wellbore 

casing preferably further includes a seal positioned in the overlap between the 
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tubidar liner and the existing wellbore caking. Tubular liner is preferably 
supported the overlap with the existing wellbore casing. * ■ • 1 

A metiiod of ref>airing an 'existing section * of a weUbore'casing within k 
borehole has been described that included installing a tubular liner and a 
5 mandrel within 1 the wellbore casing, injecting a body of a fluidic material into 
the borehole* pressurizing a portion of aninterior region of the tubular linfer, * 
and radially expanding the liner in the borehole by extruding the lineir off of the 
mandrel. In a prefeired embodiment, the fluidic material is selected from the 
group consisting of slag mix, cement, drilling mud, and epbxy. In a preferred i: 
10 embodiment, the method further includes fluidicly isolating an interior region 
of the tubular liner from an exterior region tif the tubular liner. In a preferred 
embodiment, ^eJi^jeeMng df^the body of fluidic material is provided at 
operating pressures and flow rates^rangmg from about 500 to 9,000 psi and 40 
to 3i00C^gaUpns/niin. f the injecting of the body of * 

15 fluidic material is provided at reduced operating pressures and flow rates : * : >fev 
during an end portion of the extruding. In a preferred embodiment, the fluidid r 
material is injected below the mandrel. In a preferred embodiment, a region of 
the tubular liner below the mandrel is pressurized. In a preferred embodiment, 
the region of the tubular liner below the mandrel is pressurized to pressures 
20 rangin^from abbut 500 to 9,000 psi. Irk a preferred embodiment, the method 
further includes overlapping th6 tubular liiier with the existing wellbbre casing. 
In a preferred embodiment, the method ftu^er inclUdes sealing the interface 
between the tubular liner and the existing wellbore casing. In a preferred 
embodiment, the method further includes supporting the extruded tubular liner 
25 using the existing wellbore casing. * In a "preferred embodiment, the method 
further includes testing the integrity of seal in the interface between the 
tubular liner and the existing wellbore casing: In a! preferred embodiment, 
method further includes lubricating the surface of the mandrel. In a preferred 
embodiment, th^ method further includes absorbing shock; In a preferred 
30 embodiment, the method further includes catching the mandrel upon the 
completion of the extruding. In a preferred embodiment, the method further 
includes expanding the mandrel in a radial direction. 
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A tie-back liner for lining an existing ,wellbo?\e casing has been described 
that includes a tubular, liner, and ari annular body of a cured fluidic sealing * 
material. The tubular liner is foraged by the process of extrudiiig the tubular 
liner off qf si mandrel. The annular body of a cured fluidic sealing material is 
5 coupled- to the tubular liner. In a preferred embodiment; the tubular liner is 
formed by the process of placing the tubular liner and mandrel within the ■ : 
wellbore, and pressurizing an interior portion of the tubular liner. In a 
preferred embodiment, during the pressurizing, the interior portion of the : 
tubular, liner is fluidicly isolated from an exterior portion of the tubular liner. 

10 In a preferred embodiment, the interior portion of the tubular liner is 

pressurized at pressures ranging from about 500 -to . 9,000 psi.v In a preferred 
embodiment, the annular body^oflaTcured fluidic sealing material is formed by : 
the process of injecting a body of! harden able flui4ic sealing, material into an 
annular region between Uie existmg we^ In a 

15 prefeired ; embodiment,, the^tu^ 

wellbore, casing. In a preferred embodiment, the tie-back linei- further includes 
a seal positioned in the overlap between the tubular liner and the other feasting 
wellbore casing. In a preferred embodiment, tubular liner is supported by the 
overlap with the other existing wellbore casing. ' 

20 An apparatus fpr expanding at tubular member has been- described that ■ 

includes a support member, a mandrel; a tubular member, and a shoe. The 
support member includes a first fluid passage. The mandrel is coupled to the 
support member. The mandrel includes a second fluid passage operably coupled 
to the first fluid passage, an Jnteripr portion,, and an exterior portion* The ■ 

25 interior portion of the mandrel is drillable. The tubular member' is coupled to 
the mandrel. The shoe is coupled to the tubular member. The shoe includes a 
third fluid passage operably coupled to the second fluid passage, an interior 1 
portion, and an exterior portion. The interior portion of the shoe is drillable. 
Preferably, the interior portion of the mandrel includes a tubular member and a 

30 load bearing member. Preferably, the load bearing member comprises a 

drillable body. Preferably, th? interior portion of the shoe includes a tubular 
member, and a load bearing member. Preferably, the load bearing member 
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comprises a drillable body. Preferably, the eixierior portion of the mandrel 
comprises an expansion cone. Preferably, the expansion cone is fabricated froin 
materials seliected from the group consisting of tool steel, tit&nium, &nd 
ceramic. Preferably, 1 the expansion cone has a surface hardness ranging firom 
5 about 58 to 62 Rockwell C. Preferably at least a ^portion of the apparatus is 
drillable. ' '* 

*A wellhead has also been described that includes an outer casing and a 
plurality qf substantially concentric and overlapping inner casings coupled to 
the-oute^ casing: Bach inner casing is supported by contact pressure betv/een 1 
10 an oute^ surf ace of the inner casing and an inner surface of the outer casing. In 
a iii^f^rred embodiment, the outer casing has a yield strength rianging ? feom 
, ah^ufc#!|p00 Jbo 135;0d0 pSi; a preferred embodiment, the outer casing has ST ■ 
biirst strength ranging^ 20,000 psi. In a preferredti & ^ 

^en^odimj^ pressure between the inner casingB and/ the? olitSfer^ ; ' 

45, casm&r?Ln^ to 10,000 psi. ^ lit' a preferred embodiment, on^ or^ 

more of the inner casings include one or more sealing members that contact 1 
wijtW an inner surface of the outer casing. T In a jk-eft^ed etabbdiinen^ 
sealixig members are selected from the group consisting of lead, iril^^pl^fiony^ 
epozy^an4 plastic.' In a preferred embodiment, 'a Christmas tree is coupled to ^ 
20 the outer easing: ^ In a preferred embodiment, a drilling spool is coupled to the^ 
outer casingj ilh a preferred embodiment, at least one of the inner casings is a ^ 
production casing, . ' v '~ * :j - v • ' - ■ ■>/> 

A Wellhead has also been described that includes an outer casing at least ' 
partially positioned within a wellbdre and a plurality 6f substantially contieiitric' 
25 inner casings coupled to the interior surface cf the outer casing by the process 
of expanding one or more of the inner casings into contact with at least a 
portion of the interior surface of the outer casing. " In a preferred embodiment, 
the inner casings are expanded by extruding the inner casings ofif of a mandrel. 
In a: preferred embodiment, the inner casings are expanded by the process of 
30 placing the inner casing and a mandrel within the wellbore; and pressurizing aid 
interi r portion of the inner casing. In a preferred embodiment, during the 
pressurizing, the interior portion of the inn r casing is fluidicly isolated from ah 
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exterior portion of the mrier casing. In, a preferred ei^odiment^the interior . 
portion of. the inner casing is pressurized at pressures ranging from about 500, 
to 9,000 psi. Ii* a preferred embodiment, one or more seals are positioned in the 
interface between the inner casings and the outer casing. In a preferred t 
5 embodiment,, the inner clings are. supported by their contact with the outer , 
casing. 

A method of forming a wellhead has also been described that includes 
drilling a wellbore. An outer casing is positioned at least partially within an ^ 1 
s ^-upper portion of the wellbore, A first tubular member is positioned within the' 
10 outer casing. At least a portion of the first tubular member is expanded into 
t ^ . contact with^an interior surface of the outer casing. A second tubulaj- member 
^ is positioned witJiin the outer casing and the first tubular ^ember. At least a ^ 
^portion of the second tubular member is expan ^^ 
^ > portion of the outer casing. Iijua prefen^d eipbodro^V at least a porti 
1 15 ^interior of the first tubular member is. pressi^ized. Jn ^ prefei^red Mvtfl 'i>*¥- ~ 
embodiment, at least, a portion of tihe interior of the second tubular member- i3f ^ 
, : .$t pf^simzedU^ -In a preferred embodiment, at least; a portion of: the interiors of j ;; 
^ .the first and second tubular members are press urizejL In a preferred 
# j, w embodiment, the pressurising of the portion of the : interior region of the first 
20 tubular member is provided at oper^^g pre^ures rarigiiig from about 500 to 
i ; 9,000, psi. In a preferred emboc^iment, the pressurizing of the portion of €he : 
interior region of the second tubular member is provided at operating pressures 
ranging from about 500 to 9,QQp ppi, p In ^preferred enibcwliment, the 
pressurizing of the portion of the interior region of the first and second tubular 
25 members is provided at operating pressures ranging from about 500 to 9,000 
psi. In a preferred embodiment^ the pressurizing of the portion of the interior: 
region of the first tubular member is provided at reduced operating pressures 
during a latter portion of the expansion. In a preferred embodiment, the , : 
pressurizing of the portion of the interior, region of the second tubular member 
30 i3 provided. at reduced operating pressures during a latter portion of the 

expansion. In a preferred embodiment, the pressurizing of the portion of the 
interior region of the first and second tubular members is provi4?d at reduced 
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operating pressures during a latter portion of tHe expansions. In a preferred 
embodiment, the contact between the first tubular member and the outer 
casing is sealed. In a preferred embodiment, the contact between the second 
tubular member and tWoiiter casing is sealed. In a preferred embodiinent, the 
5 contact between the first and second tubular members and the outer casing is 
sealed. iH a preferreid eihbodiinent, the expanded first tubular member is 
supported using the contact with the outer casing. In a preferred embodiment, 
the ekpanded second tubular member is supported using the contact with the c 
outer casing In a preferred embodiment, the expanded first and secoii^ tubidar 
10 members "are Supported using their contacts with the outer casing. In a 

preferred enibodimenti the firsthand second tubular members are extruded off 
; of a mandrel. In a preferred embodiment, the surface of the mandrelis* Uj ' - 1 
lubricated!:^: In a preferred ernbotumeiit, shock is absorbed. In a preferred- ' 
•w a embodiment; the mandrel' is expanded in a radial direction. In a preferred 5 
-15 embodmient;'the::fiW and second'tob'i^ mWibani are pration& M M r - 
overlapping relationship! In a preferred embodiment, an interior region of the : 
v first tubular member is fluidicly isolated from an exterior region of the first' - r 5 
tubular member. In a preferred embodiment, an interior region of ; 1^e%cbnd^ 
tubular member is fluidicly isolated from an exterior region of the second 1 ? i r 
20 tubular member. In a preferred embodiment, the interior region of th£firs£ ^ 
tubular member is fluidicly isolated from the region exterior to the first tubular ' 
member by injecting one or more plugs into the interior of the first tabular " 
member. In a preferred embodiment; the interior region of the second tubular 
member is fluYdidy isolated I from the region exterior to the second tubular 
25 member by injecting one o* more plugs into the interior of the second tubular 
member. In a preferred embodiment, the pressurizing of the portion of the 
interior region of 'the first tubular member 'is provided by injecting a fluidic 
material at operating pressures and flow rates ranging from about 500 to 9,000" 
psi and 40 to 3,000 galions/minute. in a preferred embodiment, the 
30 pressurizing of the portion of the interior region of the second tubular member 
is provided by injecting a fluidic mkterial at operating pressures and flow rates 
ranging from about 500 to 9,000 psi and 40 to 3,000 1 gallons/minute. In a 
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preferred embodiment, fluidic material is injected beyond the mandrel. In a 
preferred embodiment, a region of the tubular members beyond the mandrel is 
pressurized. In a preferred embodiment, the region of the tubular members 
beyond the mandrel is pressurized to pressures ranging from about 500 to 9,000 
5 psi. In a preferred embodiment, the first tubular member comprises a, 

production casing. In a preferred embodiment, the contact betweeri the f^rst 
tubular member and the outer casing is sealed. In a preferred en^bodiment, , the 
contact between the second tubular member and the outer casing is sealecjL In .a 
preferred embodiment, the expanded first tubular member is supported using 
10 the outer casing. In a preferred embodiment, the expanded second tubular 
member is supported using the outer casing. In a preferred embodiment, the 
integrity of the seal in the contact between the first tubular member and the 
outer casing is tested. In a preferred embodiment, the int^nly of the seal in 
>o the contact between the second tubular member and the outer casing is tested. 
15 In a preferred embodiment, the mandrel is caught upon the completion pf the 
extruding. In a preferred embodiment, the mandrel is drilled out. In a,-, 
preferred embodiment, the mandrel is supported with coiled tubing. In a 
• • preferred embodiment, the mandrel is coupled to a drillable shoe. 

An apparatus has also been described that includes an outer tubular 
20 member, and a plurality of substantially concentric and overlapping inner 
tubular members coupled to the outer tubular member. Each inner tubular 
member is supported by contact pressure between an outer surface of the inner 
casing and an inner surface of the outer inner tubular member. In a preferred 
embodiment, the outer tubular member has a yield strength ranging froip about 
25 40,000 to 135,000 psi. In a preferred embodiment, the outer tubular member , 
has a burst strength ranging: from about 5,000 to 20,000 psi. In a preferned 
embodiment, the contact pressure between the inner tubular members and the. 
outer tubular member ranges from about 500 to 10,000 psi, . In a preferred 
embodiment, one or more of the inner tubular members include one or more 
30 sealing members that contact with an inner surface of the outer tubular 

member. In a preferred embodiment, the sealing members are selected froni ; i 
the group consisting of rubber, lead, plastic, and eppxy. ...... 
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• Ah apparatus has also been described 'that includes an outer tubular 
member, and a plurality of substantially concentric inner tubular members 
coupled to 1 the interior surface of the outer tubular 'member by the process of 
expanding one or ndoire of the inner* tubular members into contact with at least 
5 a portion of th£ inferior Surface of the outer tubular member! In a preferred 
embodiment, tH§ uiner tubular members are expanded by extruding the inner 
tubular meiiibers off of a ntimdrel. : In a preferred embodiment, the inner 
tubular members are expanded by the process of: placing the inner tubular 
members and^k mandrel wthik the outer tubular member; and pr^urizing an 
10 interior portion of the inner <&sing? In a preferred embodiment, during the 
pressurizing, the interior portion of the inner tubular member is fluidicly 
isoM^ed from an Exterior portion of the inner tubulai: member 1 In a preferred 
embodiment, the J irii4iior poirtibi^bf :thie inner tubular member is pressurized at 
pressure ranging froiri ^biit oOO tb"9^ a preferred embodiment, the " 

15 appai^tus ftirther includ 

between the inner tubular members and the oiiter tubular member. In a 
preferred embodiment, the imfer tubule members are supported by their 
contact with ' the outer tubiftjefrmeiLn^ 

A wellbore casidg has'also been described that includes a first tubular 
20 member, and 4 'second tubulkf in^niber coupled to the first tubular member in 
an overlapping reldtibiisiupi the inner diameter of the first tubular member is 
substantially dqual to inner diameter of tike second tubular member. In a 
preferred. embodiment, t&e first tubular member includes a first thin wall 
section, wherein the second tubular member includes a second thin wall section, 
25 and wherein th6 first thin wall section is coupled to the second thin wall 
section. In a preferred embodimen t, first Jane! serond thin wall sections are 
deformed. In a preferred enxbodimenti 'the firat tubular member includes a first 
compressible member coupled to the first thin wall section, and wherein the 
second tubular member includes a second compressible member coupled to the 
30 second -thin wall section; In a inferred Embodiment, the first thin wall section 
and the fiist compressible member are coupled to the second thin wall section 
and the second compressible member. In a preferred embodiment, the first 
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and second thin wall sections aijd the first and second compressible members 
are deformed. 

A wellbore casing has also been described that includes a tubular 
member. including at least one thin wall section and a, thick^wall section, and 
5 a compressible annular member coupled to each thin wall section. "In a 
preferred embodiment, the compressible annular .member is fabricated from 
materials selected from the group consisting of rubber, plastic, metal antf epoxy. 
In a preferred en^odinient, the wall thickness of the thin wall section ranges 
from about 50 to lOOa^Ptthe^waU^thickness of the tf^ck wall section. Jiv a 
10 preferred embodiment, the length of the thin wall section, ranges from about, r, 
120 to 2400 inches, 1^, a ^ preferred embodiment^ the compressible annular 
member is positioned along the tl^ wall section. In a pr^ei^^.ejiAc^ 
the compressible annuj^ member is positioned elong l^e thin and thidc wall 
seption^wlii^ member is f^ncat^ r from — ^ 

15 materials selected from the ^oup consisting of oilfield coi^try tubular gocKiS, 
stainless steel, low alloy st^l,- carbon steel, auton^tive gr^de steel, plastics, j ^ 
fiberglass, high strength and'pr deform^ r t ^{ " 

embodiment, the wellbore casing includes a first tj^/vrall ( at a firat end af the . ^ 
casing, and a second tiiin waU at a serand end^o , r * ' 

20 A method of crating a casing in a borehole located in a subterranean 

formation has also been described that includes supporting a tubular liner and a 
mandrel in the borehole using a support member, injeqfpaig fluidic material into 
the borehole, pressurizing; an interior region pf the mandrel, displacing a v 
portion of the mandrel relative to the support jtnem^er, and radially expanding 
25 the tubular line?-. In a preferred embodiment, the injecting includes injecting t 
hardenable fluidic sealing material .in] to an annular region located between the 
borehole and the exterior of tjhe tubular liner, qnd injecting non hardenable 
fluidic material into an interior region of the mandrel. In a preferred 
embodiment, the method further includes fluidicly isolating the annular regions 
30 from the interior region before injecting the non hard nable fluidic material 
into the interi r region of the mandrel, In a preferred embodiment, the . v ; 
injecting of the hardenable fluidic sealing material is provided at operating 
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pressures and flow rates ranging from about 6- to 5,000 psi and 0 to 1,500 
gallons/min. In a preferred embodiment, the injecting of the non hardenable 
fluidic material is provided at operating pressures and flow rates t-angihg from 
about 500 to 9,000 psi and 40 to 3;00Q gallons/min. In a preferred embodiment, 
5 the injecting of the ncn hardenable fluidic material is provided at reduced 
operating pressures and flow rates during an end Jwrtion of the radial 
expansion. In a preferred embodiment, the fluidic material is injected into one 
or more pressure chambers. Iii a preferred embodiment, the brie or more 1 
pressure chambers are pressurized: In a preferred embodiment, the pressure 
10 chambers are pressurized to pressures rangikig from about 500 to 9,0t)0 psil 'lri 
a preferred embodiment; * the method further includes fluidicly isolating aii ** 
interior region; of tiie mandrel from an esd^rior region of the mandrel. In a ' 
preferred embodiments th&^MteriSr Region of the mandrel is isolated from the * 
region exterior to^tii^^ injecit^C 
15 fluidic material; In ^preferred embodim^tj the^ includes '* ; " * ^ 

curing at least a portion of the flilidic material, and removing at least a portion 
of the cured fluidic material located ^tbifi^th& tubular liiier. 0 In a preferred ' <j 
embodiment, the method further includes dverlapping the tubular liner with an 
existing wellbore casing. In a preferred embodiment, the method further ^ ' 
20 includes sealing the overlap between the tubular liner and the existing wellbore 
casing. In a preferred embodiment, the method further iricludes supporting the 
extruded tubular liner using the bveriiqp^with' the Agisting wellbore casing In a ' 
preferred embodiment, the method further indas&Hg the integrity of the seal in 
the overlap between" the tubular liner and the existing wellbore casing. In a 
25 preferred embodiment/ the method further includes removing at least a portion 
of the hardenable fluidic sealing material within the tubular liner before curing. 
In a preferred embodiment, the method further includes lubricating the surface 
of the mandrfeL In a preferred embodiment, the method further includes 
absorbing shock. In a preferred embodiment, the method further includes 
30 catching the mandrel upon the completion of the extrudmg. In k preferred 
embodiment, the method further includes drilling out the miandrel. In a 
preferred embodiment, the method further includes supporting the mandrel 
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with coiled tubing. i In a prefeiTed)e3gabodirDent, the mandr.el reciprocates. In a 
preferred embodiment, the mandrel is displaced in a first, direction during the 
pressurization of the interior region of the mandrel, and the mandrel is 
displaced in a second direction during a de-pressurization of the interior region 
5 of the mandrel. In a preferred embodiment, the tpbular liner is maintained in a 
substantially stationary position during the pressurization of the interior region 
of Jt^e mandrel. In a preferred embodiment, the tubular liner is^ supported by 1 
the mandrel during a de-pressurization , of the interior region of the mandrel. , ■ 
A wellbore casing has also been described that, includes a first tubular 
10 member having a first inside diameter, and a second tubular member having a 
second inside diameter substantially equal tp the, first inside diameter coupled 
to the first tubular member m qv^lappingirjBlatdo 

second tubular^ember^ are coupled by the process of defornaing a portion of *v >: 
the second tobiJar mender intq contact wth, a portiq^ pf tlie first t^ulaiH ^ 

15 member. In a preferred ern^bodiment, the second tubular membeir is deformed 
by the pf ocess of placing, the firgt and second tubular members in an ' 
overlapping relation ship, radially expanding at least £ portion of the first x w 
tubular menaber, and radially expanding the second tubular member. In a : - ;k 
preferred embodiment, the second titular ijaember is radially expanded by the , 

20 process of supporting the sero^ 

wellbore using a support paember, injecting a fluidic material into the wellbore, 
pressurizing an in terior region of the mandrel, and displacing a portion of the 
mandrel relative to the support member,. In a preferred embodiment, the 
injecting includes injecting hardena^le fluidic sealing material into an annular 

25 region located betweep. tfie borehole .and tfre exterior of the second liner, and 
injecting non hardenable fluidic material into an interior region of th£ mandrel. 
In a preferred embodiment, the wellbore casing further includes fluidicly * 
isolating the annular region from the interior region iof the mandrel before 
injecting the non harden able fluidic material into the interior region 'of the 

30 mandrel. In a pr ferred embodiment* th injecting of jthe hardenable fluidic 

sealing material is provided at operating pressures and flow rates ranging fromv 
about 0 to.5,000 psi and 0 to 1,500 gallons/piin. In a preferred embodiment, the. 
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injecting of the non hardenable fluidic material is provided at operating 
pressures and flow rates ranging from about 500 to 9,000 psi and 40 to 3,000 
gallons/min. In a preferred embodiment, the injecting of the non hardenable 
fluidic material "is provided at reduced operating pressures and flow rates 
5 during an end portion of the 'radial expansion, 'in a preferred embodiment, the 
fluidic material is injected into one or more pressure chambers. In a preferred 
embodiment, one or more pressure chambers are pressurized. In a preferred 
embodiment, the pressure chambers are pressurized to pressures ranging from 
about 500 to 9,000 psi. In a preferred embodiment, the wellbore casing further 
10 includes fluidicry isolating an interior region of the mandrel from an exterior 
region of the mandrel. In a preferred embodiment, the interior region of the 
mandrel js isolated from the region exterior to the mandrel by inserting one or 
more plugs m^he^eetea ^ flmoUc material. In a preferred embodiment, the 
weflbore casing further includes curing at least a portion of the fluidic material/ 
15 and removing at least a portion of the cured fluidic material located withm' the - 
second tubular liner. In a preferred embodiment, the wellbore casmg further 
includes sealing the overlap between the first and second tubular liners. In I >; - r 
preferred enibodiment, the wellbore casing further includes supporting the ' 
second tubular liner using the overlap with the first tubular liner. In a 
20 preferred enibodimentf the wellbore casmg further includes testing the 

integrity of the seal in the overlap between the first and second tubular liners 
In a preferred embodiment, the wellbore casing further includes removing at 
least a portion of the hardenable fluidic sealing inateriai within the second 
tubular liner before curirig. In a prefeiTed embc^ent, the wellbore casing 
25 further includes lubricating the surface of the mandrel. In a preferred 
embodiment, the wellbore casing further includes absorbing shock. In a 
preferred embodiment, the wellbore casmg further includes catching the 
mandrel upon the completion of the radial expansion. In a preferred 
embodiment, the wellbore casing further includes drilling out the mandrel. In a 
30 preferred embodiment, the wellbore casing further include supporting the 
mandrel with coiled tubing. In a preferred embodiment, the mandrel 
reciprocates. In a preferred embodiment, the mandrel is displaced in a first 
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direction during the pressurization of the interior region of the mandrel; and 
wherein the mandrel is displaced in a second direction during. a de- 
pressurization of the interior region of the mandrel. In a preferred 
embodiment, the second tubular liner is maintained in a substantially - 
5 stationary position during the pressurization of the interior region of the 
mandrel. In a preferred embodiment, the second tubular liner is supported by 
the mandrel during a de-pressurization of the interior region of the mandrel. 

An apparatus for expanding a tubular member has also been described 
ttat includes a support member including a fluid passage, a mandrel movably^ 
10 coupled to the support member including an expansion cone, at least one 

pressure chamber defined by and positioned between the support member and 
mandrel fluidicly coupled to the first fluid passage, and one or more releasable 
supports coupled to the support member adapted to support the tubular ^ 
vmember^ In a preferred embodiment* the fluid passage includes a throat ; 
15 passage having a reduced inner diameter. In a preferred embodiment, the r % 
mandrel includes one or more annular pistons. In a preferred embodiment, the 
apparatus includes a plurality of pressure chambers. In a preferred 
embodiment, the pressure chambers are at least partially defined by annular 
pistons. In a preferred embodiment^ the relea^able suppoi^ are positioned 
20 below the mandrel. In a preferred embodiment, ,the releasable supports are 
positioned above the mandrel. In a preferred embodiment, the releasable 
supports comprise hydraulic slips. In a preferred embodiment, the releasable 
supports comprise mechanical slips. In a preferred embodiment, the releasable 
supports comprise drag blocks.. In a preferred embodiment, the mandrel , 
25 includes one or more annular pistons, and an expansion cone coupled to the 
annular pistons. In a preferred egmbodiment, one or more of the annular 
pistons include an expansion cone. In a preferred embodiment, the pressure 
chambers comprise annular pressure chambers. 

An apparatus has also been described that includes on or more solid 
30 tubular members, each solid tubular member including one or more external 
seals, one or more slotted tubular members coupled to the solid tubular 
members, and a shoe coupled to one of the slotted tubular members. In a 
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preferred embodiment, the apparatus further includes one or more 
intermediate solid tubular members coupled to and interleaved among the 
slotted tubular members, each intermediate solid tubular member including 
one or more external seals. In a preferred embodiment, the apparatus further 
5 includes one or more valve members. In a preferred embodiment, one or more 
of the intermediate solid tubular members include one or more valve members. 

5 A method of joining a second tubular member to a first tubular member, 
the first tubular member having an inner diameter greater than an outer 
diameter of the second tubular member, has also been described that includes" 
10 positioning a mandrel within an interior region of the second tubular member, 
pressurizing a portion of the interior region of the mandrel, displacing the < : " ' 
mandr^^ative tb thb second tabular member, and extruding ait least apoftabii 
of the ^ecdhd^b^ar ! member <M of the mandrel into engagement with tne^fifsf 
tubular memberi In i preferred embodiment, the pressurizing of the portion^ 7 
15 *i»e interior region of the mano^ 

from about 500 to 9,000 psi. In a preferred embbdinient, the press^m^bf the 
portion of the interior region of the mandrel is provided at reduced operating " '" 
pressures during a latter portion 6f tiie' e^dmg! In a preferred embodimeiiK 7 ' 
the method further includes sealing the interface between the first and seconn 
20 tubular members- In a preferred enmodunent, the method further includes r'&- 
supporting the extruded second tubular member using the interface with the' 
first tubular member. In a preferred embodhnent the method further includes 
lubricating thesurface of the mandrel, fn a preferred embodiment, the method 
further includes absorbing shock. In a preferred embodiment, the method 
25 further mdudes positioning the first and second tubular members in an 
overlapping relationship. In a preferred embodiment, the method further 
includes fluidicly isolating an interior region of the mandrel an exterior region 
of the mandrel. In a preferred embodiment, ihe interior region of the mandrel 
is fluidicly isolated from the region exterior to the mandrel by injecting one or * 
30 more plugs into the interior of the mandrel. In a preferred embodiment, the 
pressurizing of the portion of the interior region of the mandrel is provided by 
injecting a fluidic material at operating pressures and flow rates ranging from 
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about 500 to 9,000 psi and 40 to 3,000 gallons/minute. In a preferred . 
embodiment, the method further includes injecting fluidic material beyond the 
mandrel. In a preferred embodiment, one or .more pressure chambers defined 
by the mandrel are pressurized. In a preferred embodiment, the pressure 
5 chambers are pressurized to pressures ranging fro^p about 500 tp 9,000 psi. In 
a preferred embodiment, the first tubular member comprises ?an existing section 
of a wellbore. In a preferred embodiment, the method further ip eludes sealing 
the interface between the first and second tubular; ^members. In a preferred / * 
embodiment, the method further includes supporting the extruded second 

10 tubular member using the first tubular member. In a preferred embodiment, 
the method further includes testing the integrity of the seal in the interface 
between the first tubular member and the second tubular in^rp|)er.> In a 
preferred embodiment, the method ftj^rtlier v includes f^tcjiing .the mandrel upon 
the completion of the extruding. In a preferred v en^bo<Iiipenty the method f , 

15 further includes drilling out the mandrel. In. a preferred embodiment, the = 
method further include supporting the mandrel with coiled ^ubing. ■■: In a 
preferred embodiment, the method further includes coupling the mandrel tp a t 
drillable shoe. In a preferred embodiment,, the mandrel is displaced in the 
longitudinal direction. In a preferred embodiment, the mandrel is displaced in 

20 a first direction during the press urization and in a second direction during a de- 
pressurization. 

An apparatus has alsp been described t^at includes one or jnore primary 
solid tubulars, each primary solid tubular including one or more external 
annular seals, n slotted tubulars coupled to the primary solid tubulars, n-1 

25 intermediate solid tubulars coupled to an<i interleaved among the slotted 
tubulars, each intermediate solid tubular including one or mpre external 
annular seals, and a shoe coupled to one of the plotted tubulars. ? 

A method of isolating a first subterranean zone from a second » > 

subterranean zone in a wellbore has also been described that includes 

30 positioning one or m re primary solid tubulars within ^he wellbore, the primary 
solid tubulars traversing the first subterranean zone, positioning oj^e or more * \. 
slotted tubulars within the wellbore, the slotted tubulars traversing the second 
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subterranean zone, fluidicly coupling the slotted tubulars and the solid 
tubulars, and preventing the passage 'of fluids from the first subterranean zone 
to the second subterranean zone within the wellbore external to the solid and 
slotted tubulars 

5 A method of extracting materials from a producing subterranean zone in 

a wellbore, at' leaist a portion of'the wellbore including a casing, has also been 
described that includes positioning one or more primary solid tubulars within 
the wellbore, fluidicly coupling the primary solid tubulars with the casing, 
positioning one or more slotted tubulars within the wellbore, the slotted 
10 tubulars ^versing the producing subterranean zone, fluidicly coupling the 
slotted tubulars with the solid tubulars, fluidicly isolating the producing 
subterranean zone fifom at least one other subterranean zone within the 
wellbore; and fluidicly coupling at least one of the slotted tubulars from the 
producing subterranean zone. In a preferred embodiment, the method further 
15 includes contrdilably fluidicly decoupling at least one of the slotted tubulars " ' 
from at least one other of the slotted tubulars. 

A method ofa-eating a casing in a borehole while also drilling the 
borehole also has been described that includes installing a tubular liner, a 
mandrel, arid a drilmig assembly in the boreholel A fluidic material is injected 
20 within the tubular liner, mandrel and drilling assembly. At least a portion of 
the tubular liner is radially expanded while the borehole is drilled using the 
drilling assembly . In a preferred embodiment, the injecting includes injecting 
the fluidic material within an expandable chamber. In a preferred embodiment, 
the injecting includes injecting hardenable fluidic sealing material into an 
25 annular region ideated between the borehole and the exterior of the tubular 
liner. In a preferred embodiment; the injecting of the hardenable fluidic sealing 
material is provided at operating pressures arid flow rates ranging from about 0 
to 5,000 psi arid 0 to 1,500 galldns/miri. tn a preferred embodiment, the 
injecting of the fluidic material is provided at operating pressures and flow rates 
30 ranging from about 500 to 9,000 psi and 40 to 3,000 gallons/min. In a preferred 
embodiment, the injecting of the fluidic^riiaterial is provided at reduced 
operatingpressures and flow rates during an end portion of the radial 
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1 58. The. apparatus of claim 53, wherein a plurality of tjie sealing members 

2 are. positioned adjacent to an exid portion of the threaded connection. 
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1 51v The apparatus of claim 48', wherein one of the sealing members is 

2 positioned adjacent to ah end portion of the threaded coniaectidn; and whWein 

3 another one of the sealing members is not positioned adjacent to an end portion 

4 of the threaded connection. 



1 52. The apparatus of claim 48, wherein a plurality of the sealing members 

2 are positioned adjacent to an end portion of the threaded connection. 

1 53. An apparatus, comprising: 

2 a tubular member; and 

3 a mandrel positioned within the tubular member including a conical 

4 surface have an angle of attack ranging from about 10 to 30 

5 degrees. 

1 54. The apparatus of claim 53, wherein the tubular member includes: 

2 a first tubular member; 

3 a second tubular member; and 

4 a threaded connection for coupling the first tubular member to the 

5 second tubular member, the threaded connection including: 

6 one or more sealing members for sealing the interface between the 

7 first and second tubular members. 



1 55. The apparatus of claim 53, wherein the threaded connection comprises a 

2 pin and box threaded connection. 

1 56. The apparatus of claim 53, wherein the sealing members are positioned 

2 adjacent to an end portion of the threaded connection. 

1 57. The apparatus of claim 53, wherein one of the sealing members is 

2 positioned adjacent to an end portion of the threaded connection; and wherein 

3 another one of the sealing members is not positioned adjacent to an nd portion 

4 of the threaded connection. 
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1 44. The apparatus of claim 43, v^herein the threaded connection comprises a 

2 pin and box threaded connection. 

1 45. The apparatus of claim 43, wherein the sealing members are positioned 

2 adjacent to an end portion of the threaded connection. 

1 46. The apparatus of claim 43, wherein one of the sealing members is - 

2 positioned adjacent to an end portion of the threaded connection; and wherein 

3 another one of the sealing members is hot positioned adjacent to an end portion 

4 of the threaded connection. ^ 

1 47. The apparatus of claim 43, wherein a plurality of the sealing members 

2 are positioned adjacent to an end portion, of the t^^^^,co^ectiQn. 

1 48. An apparatus, comprising; <(i , , ,.* % 

2 a tubular assembly including: , : . 

3 a first tubular member; , -u j * ; ; 

4 a second tubular member; ancl v , , 

5 * a threaded connection for T cpupling the first, tubular member to the 

6 second tubular member, %he threaded connection including: 
...i H i i - one or more sealing members s fpr sealing the interface 

8 x s .„ fi > , between tl*e first and second. tul>ul^r members; 

y 9 v wherein the tubular assembly Js formed by th<e process of radially 

10 expanding the tubular assembly. 

1 49. ; The apparatus of claim 48, wherein the threaded connection comprises a 

2 pin and box threaded connection. . < 

1 50. The apparatus of claim 48, wherein the sealing members are positioned 

2 adjacent to an end portion of the threaded cpnnection. 
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8 pressurizing an interior region witidn the second tubular member; 

9 and . : 

10 displacing the mandrel with respect to the second tubular 

11 . . • member. 

>* .: , - \o\ ■* . * . 

1 41. An apparatus, comprising: 

2 a preexisting structure; and ' - 

3 a tubular membet'cdupifed to the 1 preexisting structure by the process of: 

4 ^ ; > positioning the tubular member ilk an overlapping relationship to 

5 the preexisting structure; 1 

6 placing a mandrel within the tubular member; 

7 *^ iV j£r • "1 V' {irfesisimiring ah interior region within the tubular member; and 

8 ■ v J displacing tiie niandr^ with respect to the tubular member. 

1 42. An apparatus, comprising: • ? " - 

2 a preexisting structure having a defective portion! and 

^3 - a tubular member coupled to the defective portion of the preexisting 

4 structure by the process of: v?: 

5 v ^ t ! positioning the tubular member in an overlapping relationship to 

6 the defect in the pre^stdng stnicture; 

7 placing a mandrel within ( ttie tubular inember; 

8 ^ " ptrasuriiing ail interior region within tEe tubular member; and 

9 displacing the mandrel with respect to the tubular member. 

1 43. An apparatus, comprising: 

2 a first tubular member; : ' ■ • t v c a ■ ; 

3 a second tubular member; and 3 * 

4 a threaded connection for coupling the first tubular member to the 

5 second tubular member, the threaded connection including: 

6 one r more sealing members for sealing the interface between the 

7 first and second tubular m mbers. 
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6 pressurizing an interior region within the tubular member; and 

7 displacing the mandrel with respect to the tubular member. 



1 37. A method of repairing a defect in a preexisting structure using a tubular 

2 member, comprising: 

3 positioning the tubular member in an overlapping relationship to the 

4 defect in the preexisting structure; 

5 placing a mandrel within the tubular member; 

6 pressurizing an interior region within the tubular member; and 
displacing the mandrel with respect to the tubular member. 



7 



1 38. An apparatus for radially expanding a tubular member, comprising: 

2 a first tubular member; 

3 a second tubular member coupled to the first tubular member: 

4 a third tubular member coupled to the second tubular member; and - 

5 a mandrel positioned within the second tubular member and coupled to 

6 an end portion of the third tubular member. 

1 39, An apparatus, comprising: , 

2 a tubular member; 

3 a piston adapted to expand the diameter of the tubular member 

4 positioned within the tubular member, the piston including a 

5 passage for conveying fluids out of the tubular member. 

1 40. A wellbore casing, comprising: 

2 a first tubular member; and 

3 a second tubular member coupled to the first tubular member by the 

4 process of: 

5 positioning the second tubular member in an overlapping 

6 relationship to the first tubular member 

7 placing a mandrel within the second tubular member; 
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displacing the mandrel with respect to the second tubular 
! member. 



An apparatus, compnsmg: 
a preexisting structure; and 

a tubular member coupled to the preexisting structure by the process of: 
positioning the tubular member in an overlapping relationship to 
the preexisting structure; 
v t placing a mandrel within the tubular member; ^ o 

pressurizing an annular region within the tubular member; and 
displacing the mandrel with respect to the tubular member. 

An apparatus, comprising: 

a preexisting structure having a defective portion; and 

a tubular member coupled to the defective portion of the preexistings 

>.'; 0 , structure by the process of: 

positioning the tubular member in an overlapping relationship to 
the defect in the preexisting structure; 

placing a mandrel within the tubular member; 

pressurizing an annular region within the tubular member; and 

displacing the mandrel with respect to the tubular member. 

A .v/* 1 *--*" *'i *"* 1 :J ' .* t* '-'-1 '.. - <u C s.-v. **.' ' ... - 

A method of expanding a tubular member, comprising: 
placing a mandrel within the tubular member; 
pressurizing a region within the tubular member; and 
displacing the mandrel with respect to the tubular member. 



A method of coupling a tubular member to preexisting structure, 
c mprising: 

positioning the tubular member in an verlapping relationship to the 

preexisting structure; 
placing a mandrel within the tubular member; 
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5 , , placing a paandrej within the tubular member; , r • 

6 pressurizing an annular region within the tubular member; and 

7 . . .-, displacing the mandrel with respect^tq t^ie tubular member. 

1 30. An apparatus for radially^ expanding a tubular member*, comprising: 

2 a first tubular member; c , . 

3 a second tubular member positioned within the £nrst;tubular member; 

4 a third tubular member movably coupled to and positioned within the 

5 second tubular member; ^ , r ^ ^ l < 

6 a first annular sealing member for sealing an interface between the first .. 

7 and second tubular members; 

8 a second annular sealing memb^ *-\t-v^ 

9 . second and third tubi^ilar ipjembera; an4^ r r t a^ar u 

10 a mandrel positioned within the first tubiijar mepabe^ alxd coupled to an ir^i pss: .in 

11 end of , the third tubular member, 

1 31. An apparatus, comprising: , v . :is t :y | u r , f ^. * o ;^ err 

2 a tubular member; , /> ? :::'.•/.» A tr: >. • .;. n« '-u= ■ 

3 a piston adapts to expaad Uie di - c:- 

4 positioned within the tubular member, the piston including a vt * - fo 

5 passage for conveying, fluids opt $f the tubular memher; and i f < » 

6 an annular .chamber defined by the piston and tubular member: ^ ' ■ 

1 32. A wellbore casing, comprising: ; * v i . - w 

2 a first tubular member; and ^ > -*^t. . ; * r 

3 a second tubular member coupled to the first tubular member by the * 

4 process ^: :J/ ,. : , ... ;r , r . v . ■ ^ <, ,. r ^ : v 

5 positioning the second tubular member in an overlapping £ 

6 : rel^t^nship tp the first tubular member 

7 placing a mandrel within the second tubular member; •>< 

8 pressurizing an annular region within the second tubular member; 

9 and Vt . : . ^ ;ji ; ... 7 . ; - , 
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S positioning a mandrel and a drilling asserfcilily within: an interior region of 

9 the second tubular member; - : J ' -j '* 

10 injecting a fluidi6 material'\Wthin the mandrel, drilling assembly and the 

11 second tubular member; 

12 extruding at least a pbrtion of the second' tufcular mefinb^r off of the 

13 mandrel into engagement with the first tiilbular member; and 

14 drilling the tunnel. : v '» - 1 - 

1 26. An apparatus,, comprising: ^ : s . ; 

2 f a! wellbore; the wellbore formed by the process of drilling; the wellbore; 

3 and - 

4 a tubjilar ^^pc&illbAed^tMn thewellbore, the tubular liner framed ^ r 

5 by the procesi of extrading the tiibuiar lineir' bff of a mandrel while • '• ^ ^ ^ 

6 ..... tdrilMh^^ ■ : - w-' Uag 

1 27. A method of expanding a tubular member, comprising: : v: 

2 placing a mandrel within the tubular member; :r ^ ^ -^^i ^ 

3 pressurizing an annular region within the tubular member; and - ^ u r \ 

4 displacing the mari^ -a^ ty\? 

1 28. A method of eotipling a tubular member to preexisting structure, s * 

2 comprising: 7 ^ '* ' ~. ■ , Lr\ v J c$;u:.>.»> >r.-- k * ..... 

3 positioning the tubular member in an overlapping relationship to the " x 

4 preexisting structure; ■ i.-sh^s^y. u;.v ts .,u . ^ -> : ^ 

5 placing a mandrel within the tubular member; ; ' 1J % 1 

6 pressurizing an annular region within the tubular member; and 

7 displacing the mandrel with respect to the tubular member. 

1 29. A method of repairing a defect in a preexisting structure using a tubular 



2 member, comprising: - ^ ' *- ^ 

3 positioning the tubular member in an overlapping relationship to the 

4 defect in the preexisting structure; 

- 289 - 

■ SUBSTITUTE SH^ET (RULE 26) 



WO 00/77431 

.■-IT- • i t 



PCT/DL00/00245 



8 fluidicly isolating the producing subterranean zone from at least one 

9 other subterranean zojie within the wellbore; and 

10 fluidicly coupling at least one of the slotted tubulars from the producing 

11 subterranean zone. 

1 23. A method of creating a casing in a borehole while also drilling the 

2 borehole, comprising: 

3 installing a tubular liner, a mandrel, and a drilling assembly in the 

4 borehole; 

5 injecting fluidic material within the tubular liner, mandrel and drilling 

6 assembly; 

7 radially expanding at least a portion of the tubular liner; and 

8 drilling the borehole using the drilling assembly. 



1 24. An apparatus, comprising: 

2 a support member, the support member including a first fluid passage; 

3 a mandrel coupled to the support member, the mandrel including: 

, > ' • , * -ii- • ? r- \ . ; - 

4 a second fluid passage; 

^ ) '■' .. ■ ' ' -.J i i - "*7; . . \' 

5 a tubular member coupled to the mandrel; and 

.>,.»•-". ;■. ~, * f .; ; *-.' s" 

6 a shoe coupled to the tubular liner, the shoe including a third fluid 

7 passage; and 

8 a drilling assembly coupled to the shoe; 

9 wherein the first, second and third fluid passages and the drilling 
10 assembly are operably coupled. 

1 25. " A method of forming an underground pipeline within an underground 

2 tunnel including at least a first tubular member and a second tubular member, 

3 the first tubular member having an inner diameter greater than an outer 

4 diameter of the second tubular member, comprising: 

5 positioning the first tubular member within the tunnel; , 

6 positioning the second tubular member within the tunnel in an 

7 overlapping relationship with the first tubular member; 
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7 displacing the mandrel relative to the second tubular member; and 

8 extruding at least a portion of the second tubular member off of the 

9 mandrel into engagement with the first tubular member. 

1 20. An apparatus, comprising: 

2 one or more primary solid tubulars, each primary solid tubular including 

3 one or more external annular seals: 

4 n slotted tubulars coupled to the primary solid tubulars; 

5 n-1 intermediate solid tubulars coupled to and interleaved among the -° ' 

6 slotted tubulars, each intermediate solid tubular including one or 

7 more external annular seals; and 

8 a shoe coupled to one of the slotted tubulars. 

1 21. A method of isolating a first subterranean zone from a second 

2 subterranean zone in a wellbore, comprising: 

3 positioning one or more primary solid tubulars within the wellbore, the 

4 : r " primary solid tubulars traversing the first subterranean zone; 

5 positioning one or more slotted tubulars within the wellbore, the slotted 

6 tubulars traversing the second subterranean zone; 

7 fluidfcdy coupling the slotted tubulars and the solid tubulars; and * ^ 

8 preventing the passage of fluids from the first subterranean zone to the 1 

9 second subterranean zone within the wellbore external to the solid 
10 and slotted tubulars. 

1 22. A method of extracting materials from a producing subterranean zone in 

2 a wellbore, at least a portion of the wellbore including a casing, comprising; 

3 positioning one or more primary solid tubulars. within the wellbore; 

4 fluidicly coupling the primary solid tubulars with the casing; 

5 positioning one or more slotted tubulars within the wellbore, the slotted 

6 tubulars traversing the producing subterranean zone; 

7 fluidicly coupling the slotted tubulars with the solid tubulars; 
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1 16. A wellbore casing, comprising: 

. • - ■ ■ ■ v ' ■ . «■••' ■ ■ - m 

2 a first tubular member having a first inside diameter; and 

3 a second tubular member Having a second inside diameter substantially 

4 equal to the first inside diameter coupled to the first .tubular 

5 member in an overlapping relationship; 

6 wherein the first and second tubular members are coupled by the process 

7 ~ of deforming a portion of the second tubular member into contact 

8 with a portion of the first tubular member. 

117. An apparatus for expanding a tubular member, comprising: 

2 a support member including a fluid passage; 

3 . a mandrel movably coupled to the support member including an ■ 

4 expansion cone; 

5 . - at least one pressure chamber defined by and positioned between the u 

6 ; ; ; support member and mandrel fluidicly coupled to the first fluid 

7 passage; and 

8 : ; one or more releasable supports coupled to the support member adapted-" 

9 to support the tubular member. 

1 18. An apparatus, comprising: 

2 one or more solid tubular members, each solid tubular member including 

3 one or more external seals; 

4 - one or more slotted tubular members coupled to the solid tubular 

5 members; and 

6 a shoe coupled to one of the slotted tubular members. 

1 19. A method of joining a second tubular member to a first tubular member, 

2 the first tubular member halving an inner diameter greater than an outer 

3 diameter of the second tubular member, comprising: 

4 positioning a mandrel within an interior region of the second tubular 

5 member;' 

6 pressurizmg a portion of the interior region of the mandrel; 
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5 wherein each inner tubular member is supported by contact pressure 

6 between an outer, surface of the inner casing and an inner surface 

7 of the outer inner tubular member. 

1 12. An apparatus, comprising: 

2 an outer tubular member; and 

3 a plurality of substantially concentric inner tubular members coupled to 

4 the interior surface of the outer tubular member by the process of 

5 expanding one or more of the inner tubular members into contact 

6 with at least a portion of the interior surface of the outer tubular 

7 member. 

1 13. A wellbore casing, comprising: 

2 a first tubular member; and 

■ . . . ■' , * ■ ) .hr : i ■ • . •' • *. * v. :o v. ■/ r— , ' r 

3 a second tubular member coupled to the first tubular member in an 

4 overlapping relationship; 

5 wherein the inner diameter of the first tubular member is substantially 

6 , equal to the inner diameter of the second tubular member. 

1 14. A wellbore casing, comprising: 

2 a tubular member including at least qne thin wall section and a thick ^' 

3 wall section; and 

4 a compressible annular member coupled to each thin wall section. 

1 15, A method of creating a casing in a borehole located in a subterranean 

2 formation, comprising: 

3 supporting a tubular liner and a mandrel in the borehole using a support 

4 member; 

5 injecting fluidic material into the borehole; 

6 pressurizing an interior region of the mandrel; 

7 displacing a portion of the mandr 1 relative to the support member; and 

8 radially expanding the tubular liner. 
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A wellhead, comprising: 
an outer casing; and ... . 

a plurality of substantially concentric and overlapping inner casings 

I . * : » ■ . - ' '; * - 

coupled to the outer casing; 

? < - " 

wherein each inner casing is supported by contact pressure between an 
outer surface of the inner casing and an inner surface of the outer 
casing. 

A wellhead, comprising: 

an outer casing at least partially positioned within a wellbore; and 
a plurality of substantially concentric inner casings coupled to the 

interior surface of the outer casing by the process t oi£ expanding 
one or more of the inner casings into contact with at least a 
portion of the interior surface of the out^r casing. 

A method of forming a wellhead, comprising: 
drilling a wellbore; 

positioning an outer casing at least partially within an upper portion of 
the wellbore; 

positioning a first tubular member within the outer casing; 

expanding at least a portion of the first tubular member into contact 

■ : * ■ : . .i. --v. ' -> • ' - - 

with an interior surface of the outer casing; 

positioning a second tubular member within the outer casing and the 

first tubular member; and 
expanding at least a portion of the second tubular member into contact 

with an interior portion of the outer casing. 

An apparatus, comprising: 
an outer tubular member; and 

a plurality of substantially concentric and overlapping inner tubular 
members coupled to th outer tubular member; 
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one or more sealing members at an end portion of the annular 
member; and 

one or more pressure relief passages at an end portion of the 
annular member. 

A wellbore casing, comprising: 

a tubular liner, the tubular liner formed by the process of: 
extruding the tubular liner off of a mandrel; and 

an annular body of a cured fluidic sealing material coupled to the tubular 
liner. 

A tie-back liner for lining an existing wellbore casing, comprising: * 
a tubular lmer, the tubular liner formed by the process off 

extruding at least a portion of the tubular liner off of a mandrel; 
and 

an annular body of a cured fluidic sealing material coupled to the tubular 
liner. 

An apparatus for expanding a tubular member, comprising: 

a support member including a first fluid passage; ^ 

a'mahdrel coupled to Uie support member, the mandrel including: 

a second fluid passage operably coupled to the first fluid passage; 

an mtenor portion; and 

an exterior portion; 

wherein the interior portion of the mandrel is drillable; 
an expandable tubular member coupled to the mandrel; and 
a shoe coupled to the tubular member, the shoe including: 

a third fluid passage operably coupled to the second fluid passage; 

an interior portion; and 

an exterior portion; 

wherein the interior portion of the shoe is drillable. 
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■ , K , * : CLAIMS; . - 

'[.'■•, - ; ij .. . - *'■»-.-.. \ * if v ' ..; > ' :* 

11. A method of creating a casing in a bprehole lopated in a subterranean 

2 formation, comprising: • f> t< - -r ; -/ < 

3 installing a tubular liner and a mandrel in the fcqrgfhole; - ?. , r 

4 injecting fluidic material -into the borehole; „ . \* 

5 pressurizing a portion of an interior region of the tubular liner; and 

6 radially expanding at least a portion of the liner in the borehole by 

7 : -.r .^extruding at least a portion of the liner off of the mandrel. 

1 2. , An apparatus for expanding a tubular member, comprising: - 

2 a support member, the support member including a first fluid passage; - : 

3 a mandrel coupled to the support member, the mandrel including: 

4 a second fluid passage; 

5 a tubular member coupled to the mandrel; and 

6 a shoe coupled to the tubular liner, the shoe including a third fluid : : 

7 passage; 

8 - wherein the first, second and third fluid passages are operably coupled. 

1 3- : -A method of joining a second tubular member to a first tubular member, 

2 the first tubular member having an inner diameter greater than an miter v 

3 diameter of the second tubular member, comprising: - 

4 positioning a mandrel within an interior region of the second tubular 

5 member; 

6 pressurizing a portion of the interior region of the second tubular 

7 member; and 

8 extruding at least a portion of the second tubular member off of the 

9 mandrel into engagement with the first tubular member. 

14, A tubular liner, comprising: 

2 an annular member, the annular member including: 
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Although illustrative embodiments of the invention have been shown and 
described, a wide range of modification, changes and substitution is 
contemplated in the fotegoing disclosure. In some instances, sonie features of 
the present invention may be employed without a corresponding use of the 
5 other features. Accordingly; it is appropriate that the appended claims be 
construed broadly and in a manner consistent with the scope of the invention. 
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plurality of the sealing members are positioned adjacent to an end portion of 
the threaded connection. 

An apparatus also has been described that includes a tubular assembly 
having a iirst tubular member, a second tubular member, and a threaded 
5 connection for coupling the first tubular member to the second tubular 

member. The threaded connection includes one or more sealing members for 
sealing the interface between the first and second tubular members. The 
tubular assembly is formed by the process of radially expanding the tubular 
assembly. In a preferred embodiment, the threaded connection comprises a pin 
10 and box threaded connection. In a preferred embodiment, the sealing members 

are positioned adjacent to an end portion of the threaded connection. In a 

: - . . *- ^^'\.y . 57,- :? : ■ v.'V > t .j y 

preferred embodiment, one of the sealing members is positioned adjacent to an ' K 

end portion of the threaded connection; and wherein another one of the sealing 

members is not positioned adjacent to an end portion of the threaded : cr - cr '< 

15 connection. In a preferred embodiment, a plurality of the sealing members ire j 

positioned adjacent to an end portion of the threaded connection. > a ; 

An apparatus also has been described that includes a tubular member ' 

and a mandrel positioned within the tubular member including a conical : ~ 

surface have ah angle of attack ranging from about 10 to 30 degrees. In a :I 

* * *;*.;■, - :r *- « : - ' .f-'v^K*' ' ' ' " " * f * *3 ■ 

20 preferred embodiment, the tubular member includes a first tubular member, a 

second tubular member, and a threaded connection for coupling the first 

tubular member to the second tubular member. The threaded connection 

includes one or more sealing members for sealing the interface between the first 

and second tubular members. In a preferred embodiment, the threaded 

25 connection comprises a pin and box threaded connection. In a preferred 

embodiment, the sealing members are positioned adjacent to an end portion of 
the threaded connection. In a preferred embodiment, one of the sealing 
members is positioned adjacent to an end portion of the threaded connection; 
and wherein another one of the sealing members is not positioned adjacent to 

30 an end portion of the threaded connection. In a preferred embodiment, a 
plurality of the sealing members are positioned adjacent to an end portion of 
the threaded connection. 
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positioning the tubular member in an overlapping relationship to the 
preexisting structure, placing a mandrel within the tubular member, 
pressurizing an interior region within the tubular member, and displacing the 
mandrel with respect to the tubular member. In a preferred embodiment, the 
5 pressurizing is provided at operating pressures ranging from about 0 to 9,000 
psL In a preferred embodiment, the pressurizing is provided at flow rates 
ranging from about 6 to 3,000 gallons/minute. 

An apparatus has also been described' that includes a preexisting 
structure having a defective portion and a tubular member coupled to the 
10 defective portion of the preexisting structure. The tubular member is coupled 
to the defective portion of the preexisting structure by the process of: 
positioning the tubular member in to dVeriappihg relationship to the defect in 
the preexisting; structure, placing a niladrid within the tubular member, 
pressurizing an interior region within tubular member, and displacing the 

V-- . : v. . V ^' { --„ ; .4^-.; : . .■^/.e- r . : ^ 

15 mandrel with respect to the tubular member. In a preferred embodiment, the 
pressurizing is provided at operating pressures ranging from about 0 to 9,000 
psi. In a preferred embodiment, the pressurizing is provided at flow rates 
ranging from about 6 to 3,000 gaUoris/inmiuteP ln a preferred embodiment, the 

apparatus further includes sealing the interface between the preexisting 

ct. .; ... i .£.•,." • . *• ■ 

20 structure and the tubular member at both ends of the tubular member. 

An apparatus also has been described that includes a first tubular 

member, a second tubular member, and a threaded connection for coupling the 

first tubular member to the second tubular member. The threaded connection 

includes one or more sealing members for sealing the interface between the first 

25 and second tubular members. In a preferred embodiment, the threaded 

connection comprises a pin and box threaded connection. In a preferred , 
embodiment, the sealing members are positioned adjacent to an end portion of 
the threaded connection. In a preferred embodiment, one of the sealing 
members is positioned adjacent to an end portion of the threaded connection; 

30 and wherein another one of the sealing members is not positioned adjacent to 
an end portion of the threaded connection. In a preferred embodiment, a 
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embodiment, the mandrel includes a fluid passage having an inlet adapted to 
receive fluid stop member. Ip a preferred embodiment, the apparatus further , 
includes one or more slips coupled to the exterior surface of the third tubular 
member. In a preferred embodiment* the mandrej includes a ccmieal surface. 
5 In a preferred embodiment, this angle of attack of the conical surface ranges 
from about 10 to 30 degrees. In a preferred embpjiiment, the,conical surface 
has a surface hardness ranging from pbout 58 to 62 Rockwell C. In ^preferred 
embodiment, the average inside diamine*; of the second tubular member is 
greater than the average inside diameter of the third tubular member. 

An apparatus has also been described that includes a tjihular member, a 
piston adapted to. expand the diameter of the tubular member positioned within 
the tubular member, the piston including a passage ppr fonveying fluids out of ; 
the tubular member- In a prtf^n^e^ piston; includes a conical 

surface. In a preferred embodiment, the angle of attack of the conical surface i \ 
ranges from about 10 to 30 degrees. In a preferred embodiment* the conical 
surface has a surface hardness ranging from about 58 ,to 62 Rockwell C, Ijx a 
preferred embodiment, the tubular member includes one or more sealing 
.members coupled to the exterior siiif^ce of th^ tubular, member- 

A wellbore casing has also bee^ described tl*at includes a first tubular 
member and a second tubular member coupled to the first tubular member.. 
The second tubular member is coppled to the first tubular member by the - 
process of: positioning t%e second tubular member in 4w overlapping 
relationship to the first tubular member, placing a mandrel within the second 
tubular member, pressurizing an interior region within the second tubular 
member, and displacing the mandrel with respect to the second tubular : 
member. In a preferred embodiment, the pressurizing is provided at operating, 
pressures ranging from about 0 to 9,000 psi. In a preferred embodiment, the 
pressurizing is provided at flow rates ranging from about 0 to 3,000 t r 
gallons/minute. „. r . . 

An apparatus has also been described that includes a preexisting : : , 
structure and a tubular member coupled to the preexisting structure. The, .> 
tubular member is coupled to the preexisting structure by, the process of: 
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operating pressures ranging from about 0 to 9,000 psi. In a preferred ' 
embodiment, the ; pressurizing is provided at flbW rates ranging from about 0 to 
3 3 000 gallons/minute. In a preferred embodiment; the tubular member is 
expanded beginning at an upper portioii of the tubular member. - 
5 A method of coupling el tubular member to preexisting structure has also 

been described that includes "positioning the tubiilar member in an overlapping 
relationship to the preexisting structure, placing a: mandrel within the tubular 
member, pressurizing an interior region within the tubular member, and 
displacing the mandrel with respect to the tubular member. In a preferred 
10 embodiment, the pressurizing is provided at operating pressures ranging from 
about 0 to 9,000 psi. In'a* preferred' embodiment, the pressurizing is provided at 
flow rates ranging from about O tq3,0fl^g^^ In a preferred 

embodiments £he tubuliar member is expanded beginning at an upper portion of 
the tubular member. ■* ■' ' '-^ ' ' v ' i ' - : ■* 

15 A method of Repairing a defect in a preexisting ^stoicture using a tubular 

member has also bfefen described that indudes positioning the tubular member 
in an overlapping relationship to t&e defect; in **thg preexisting structure, placing 
a mandrel within the tubular member^ |Kres6iiriim ah interior region within 
the tubular member, ahd displacing the mano^el with respect to the tubular 
20 member. In a preferred embodiment,- the* pre^u^iiig is provided at operating 
pressures ranging from about 0 ti> 9,000 pk hi apfrefei^ the 
pressurizing is provided at flow rates ranging fr6fcn^bu£ 0 to 3,000 
gattons/minute* In at preferred eiribodnfcent, the t^btdar member is expanded 
beginning at an Upper portion of the tubular member. In a preferred 
25 embodiment, the method further includes sealing the interface between the 
preexisting structure and the tubular meinber at both ends of the tubular r 
member* «' v -*- ■*' -" f - <■'-■■ 1 ■'' ■ h * ' ' *' - 1 Vi - - ; : "* f 

An apparatus for radially expanding a tubular member has also been described 
that includes a first tubular member, a second tubular member coupled to the 
30 first tubular member, a third tubular member coupled to th second tubular 
member, and a mandrel positioned within the second tubular member and 
coupled to an end portion of the third tubular member. In a preferred 
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preferred embodiment, the apparatus, further includes conveying a pressurized 
fluid and a non-pressurized fluid in opposite directions. \ In a preferred : 
embodiment, the pressurizing is provided at operating pressures ranging from., 
about Q ,to 9,000 psL In a preferred embodiment,^ the :pressurizing-is provided at 
5 flow rates ranging from about 0,-to 3,000 gallons/minute. , 
An apparatus has also been described that includes a preexisting 
structure having a defective portion and a tubular member coupled to th£ ; 
defective portion of the preexisting structure. The tubular member is Coupled : 
to the defective portion, of the preexisting structure by the process of: 

10 positioning the tubular member in an overlapping relationship to the defect in 
the preexisting structure, placing a mandrel within the tubular member; ? - 

f & pressurizing an annular region within the tubular member, and displacing the a 
^ mandrel jwith respect to the tubular m^mb^ ' ;Im A preferred v emb6dittient^ the > 
apparatus further includes removing fluids within the tubular member that sure 

15 displaced by the displacement of the mandrel. In a preferred embodiment, tft£ v 
removed fluids pass inside the annular region. In a preferred embodiment, the 
volume of the annular region increases. In a preferred embodiment; the^ ^ ^ p 

s : apparatus further includes sealing off the annular region: In a preferred 

; ^ embodiment, sealing off the annular region includes sealing a stationary ; s 

20, member and sealing a non-stationary pienptber. In a preferred embodiment/ the 
* apparatus further includes conveying fluids in opposite directions. In a *f • ; 
; preferred embodiment, the apparatus further includes c^nv^ying a pressurized 
fluid and a non-pressurized fluid in opposite directions. In a preferred 
embodiment, the pressurizing is provided at operating pressures ranging from 

25 about 0 to 9,000 psi. 4 In a preferred embodiment, the pressurizing is provided at 
flow rates ranging from about 0 to 3,000 gallons/minute. In a preferred" 
embodiment, the apparatus further includes sealing the interface between the. 
preexisting structure and the tubular member at ends of the tubular member. 
A method of expanding ja tubular member has also been described that 

30 includes placing a mandrel within the tubular. member, pressurizing a region 
within the tubular men^ber, suad, displacing the mandrel with respect to the 
tubular member. In a preferred embodiment, the pressurizing is provided at 
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relationship to the first tubular member, placing a mandrel within the second 
tubular member, pressurizing an annular region within the second tubiilar 
member, and displacing the mandrel with respect to the second tubular 
member. In a preferred embodiment' the wellbore casing further includes 
5 removing fluids within the second tubular member that are displaced by the 
displacement of the mandrel. In a preferred embodiment; the removed fluids 
pass inside the annular region. > In a preferred embodiment, the volume of the 
annular region increases. In a preferred embodiment, the wellbore casing 
further includes sealing off the annular region. In a preferred embodiment, 
10 sealing off the annular region includes sealing a stationary member and sealing 
a non-stationary member. In a preferred embodiment, the wellbore casing 
further including conveying fluids in opposite directions. In a preferred 
embodiment, the weUbore casing fur^ conveying a pressurized fluid • 

and a non-pressurized fluid in opposite diifectionsv In a preferred Embodiment, 
15 the pressurizing is: provided at operating^ rangmg frotn about 0 to 

9,000 psi. In a preferred embodiment; ^ is provided at flow rates 

ranging from about 0 to 3,000 gallons/niinute. 1 

An apparatus has also been describe that includes a preexisting 
structure and a tubular member Coupled to the preexisting structure. The 
20 tubular member is coupled to the preexisting stmct^e by the process of: 
positioning the tubular member in an overlapping relationship to the 
preexisting structure, placing a Mandrel within the t^ 

pressurizing an annular region within the tubular member, and displacing the 
mandrel with respect to the tubular member; In a preferred embodiment, the 

25 apparatus further includes removing fluids within the tubular member that are 
displaced by the displacement of the mandrel. In a preferred embodiment, the 
removed fluids pass inside the annular region. In a preferred embodiment, the 
volume of the annular region increases. In a preferred embodiment, the 
apparatus further includes sealing off the annular region. In a preferred 

30 embodiment, sealing off the annular region Includes sealing a stationary 

member and sealing a non-stationary member. In a preferred embodiment, the 
apparatus further includes conveying fluids in opposite directions. In a 
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member, and the mandrel. In a,pref erred embodiment, the apparatus further 
includes an annular passage.defined by the second tubular member and the 
third tubular member. In a preferred embodiment, the apparatus further 
includes a fluid passage contaiued.within thg third tubular member and the .- 
5 mandrel. In a preferred embodiment, the apparatus further includes one or . 
more sealing members coupled to an exterior surface of the first tubular . , ; 
member. In a preferred embodiment, the apparatus further includes an 
annular chamber defined by the first tubular member, the, second; tubidar 
member, the third tubular member, the first annular sealing member, the ? 
10 second annular sealing member, and the mandrel, and annular passage defined 
by the second tubular member and the third tubular member. , In a preferred ; 
embodiment, the annular chamber an 

coupled. In a preferxefitjembodime^ tfre apparatus further or * 

more shps coupled to the exterior surface In;k V- 

15 prefeired embodiment, the mandrel In a preferred 

embodiment, the angle of attach of the conical surface ranges from about 10 to 
30 degrees. In a ^referr^d embodiment, the conical surface has a surface 
hardness ranging from about 58 to 62 Rockwell ,C. . 

An apparatus has also been described that includes a tubular member, a 

20 piston adapted to expand the diameter, of the tubular member positioned within 
the tubular member, the piston including a passage for conveying fluids out of \ 
the tubular member, and an; annular, chamber defined by the piston and tubular 
member. In a preferred embodiment, the piston includes a conical surface. ; In a 
preferred embodiment, the an^le of attack of. the. conical surface ranges from t 

25 about 10 to 30 degrees. In a preferred embodiment, the cQpical surface has a 
surface hardness ranging from about 58 to 62 Rockwell C. In a preferred 
embodiment, the tubular member includes, one or more sealing members 
coupled to the exterior surface of the tubular- member, 

A wellbore casing has also been described that includes a first tubular „ ; 

30 member and a second tubular inember coupled to the first tubular member. 
The second tubular member is coupled to the first tubular m^mber^by the 
process of positioning the second tabular member in an overlapping , 
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A method of repairing a' defect in a ? pree3risting structure using a tubular 
member has also been described "that includes positioning the tubular member 
in an overlapping relationsliip to the defect in the preexisting stiiictiire, placing 
a mandrel within *the tubiilrir member, pressurizing an annular region within 
5 the tubular member, and displacing the mandrel with respect to the tubular 
member. In a preferred embodiment, the method further includes removing 
fluids within the tubular mernber £hat are displaced by the displacement of the 
mandrel. In a preferred embodiment, the removed fluids pass inside the 
annular region. In a preferred embodiment, the volume of the annular region 
10 increases. In a preferred embodiment, the mtethod further includes sealing off 1 
the annular region. In a pr^eferred^mbodiment^ sealing off £he annular region 
includes sealing a stationary me^er^d sealikg a non-stationary member. In 
a preferred^ embodiment, j ttte met&^further includes donveying fluids in 
opposite directions, In k pr^e^cd^einEbdiment, tte method further includes- 
15 conveying a pressurized fluid and a non^Mress^iized fluid in opposite difectioiis. 
In a preferred embodiment, the pressurizing is provided at operating pressures 
ranging from about 0 to 9,000 psi. v^ the pressurising 

is provided at flow rates ranging from about 6' 1 to 3,000 gallons/minute. In a 
preferred embodiment, the nietho* fiukhet includes sealing the interface 
20 between the preexisting structure and the tubular member at ends of the ' 
tubular member. ' - v ■ J - ■ ■ * 

• r An apparatus fo* radi^ 
described that includes a first tubular member, a second tubular member 
positioned within the first tubular member, a thirA tubular member movably 
25 coupled to and positioned within the second tubular member, a first annular 
sealing member for sealing an interface between the first knd second tubular 
members, a second annular sealing member for sealing 'an interface between 
the second and third tubular membersVand a mandrel positioned within the 
first tubular m mber and coupled to an end of the third tubular member. In a 
30 preferred Embodiment, the apparatus further includes an annular chamber 
defined by the first tubular member, the second tubular member, the third 
tubular member, the first annular sealing membfer, the second annular sealing 

- 273 - 

SUBSTITUTE SHEET (RULE 26) 



: WO 00/77431 



PCT/ILOO/00245 



removing fluids within the tubular member that are displace^ by the. 
displacement of . the mandrel. In a preferred embodiment^ the removed fluids, 
pass inside the annular region. In a preferred embodiment, the volume of the . f ; 
annular region increases. In. a preferred embodiment, the method further 
5 includes sealing off the annular region. In a preferred embodiment, sealing off . 
the annular region includes sealing a stationary merpber and sealing a non- 
stationary member. In a preferred embodiment, the method further includes 
conveying fluids in opposite directions. In. a preferred embodiment, the method 
^further includes conveying a pressurized fluid and a non-pressurized fluid in 
10 opposite directions. In a preferred embodiment, the pressurizing is provided at 
operating pressures ranging from about 0 to 9,0^Q psi. In a preferred, 
embodiment, the pressurizing is provided at flow rates ranging fromal?out 0 to , f 
; 3,000 gallons/minute. . ■ f? - - >•:, 

r& method of couplijpg a tubular inember to r preexisting st^ ha? also 
1.5, been^clescribed that includes positioning the tubular member in an overlapping 
; relationship to the preexisting structure, placing a mandrel within the tufcular. 
, ^ .member, pressurizing an annular region within the tubular member, and • 
5 ^ displacing the mandrel with respect to the tubular member. In a preferred 
- embodiment, the method further includes r^ipovinglluids ^vi^in the tubular 
20, member that are displaced by the displacement of the mandrek In a preferred 
embodiment, the removed fluids pass inside the annular jr egion. In a preferred. 
; embodiment, the volumes of the annular re^on increases. In a pref^err^d 
embodiment, the method further includes sealing ofif the annular, region. In a 
preferred embodiment, sealing off the annular region includes sealing a 
25 stationary member and sealing a non-stationary member. In, a preferred 
embodiment, the method further includes ranyeying fluids in opposite 
directions. In a preferred embodiment, the method further includes conveying > 
a pressurized fluid and a non-pressurized fluid in opposite directions. In a . 
preferred embodiment, the pressurizing is provided at operating pressures 
30 ranging from about 0 to 9,000 psL In a preferred embodiment, the pressurizing , 
is provided at flow rates ranging from about 0 to 3,000 gallons/minute. 
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embodiment, the interior portion of the tubular liner is pressurized at pressures 
ranging from about 500 to 9,000 psL In a preferred embodiment, the tubular 
liner is formed by the process of: 7 placing the tubular liiier 'and mandrel within 
the wellbore; and pressurizing an interior portion of the mandrel/- In a 
5 preferred fembodimferit,' the interior portion of the mandrel is pressurized at 
pressures ranging froin about 500 tcf 9,000 psi. In a preferred embodiment, the 
apparatus further includes an annular body of a cured fluidic material coupled 
to the tubular liner. In a preferred embodiment, the annular body of a cured 
fluidic sealing material is formed by the process of : ? injecting a body of ' 

10 hardenable fluidic sealing material into an aniiular region external of the 
tubular liner. In.^prjeferred embodiment^ the tubular liner overlaps w 
existing wellbore x^ing. : In a preferred embodiment, the apparatus further ^ 
includes a seal positioned in the overlap between the tubular liner and the 
existing ^eUbw the tubular liiiWis* 

15 supported b^ casing./ In a preferred 

embodiments K # 

pressurizing o£ an expandable chamber. Ln a preferred embodiment, the ^ 
expandable chancer is substantially cylindrical. In a preferred embodiment, 
the expandable chamber is substantially anntdar 

20 A method of forming a weUfaiore casing in a wellbore has also been 

described that indudes drilling out tlie wellbore while forming the wellbore 
casing. In a preferred embodiment, the forming includes: expanding a tubular 
member in the radial direction. " In a pr^err^ er^odiment, the expanding 
includes: displacing a mandrel relative to the tubular member. In a preferred 

25 embodiment, the displacing includes: expanding an expandable chamber. In a 
preferred embodiment, the expandable chamber comprises a cylindrical 
chamber. In a preferred embodiment/ the expandable chamber comprises an 
annular chamber. 

A method of expanding a tubular' member has also been described that 

30 includes placing a maixdrel within the tubular member, pressurizing an annular 
region within the tubular member, and displacing the mandrel with respect to 
the tubular member. In a preferred embodiment, the method further includes 
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preferred embodiment, the injecting of the fluidic material is provided at 
operating pressures rangiijg_frpm about 500 to 9,000 psi. In a preferred 
embodiment, the injecting of the fluidic material is provided at reduced 
operating pressures during a. latter portion of the extruding. In a preferred 
5 embodiment, the method further includes sealing the interface between the 
first and second tubular members. In a preferred embodiment, the method 
further includes supporting the extruded second tubular member using the 
interface with the first tubular membey. In a preferred embodiment, the 
method further includes lubricating the surface of the mandrel. In a preferred ^ n 
10 embodiment, the method further includes absorbing shock. In a preferred ^ 
embodiment, the method further includes expanding the mandrel ^adi^l 
directions In a preferred ei^odiment,^the method further ii^dudeseal^g £hei, * 
interface between the first and second tubular members. In a preferred i >^?r 
embodiment^ the method further includes supporting the extruded second 
15 tubular member using the first tubular member. r In a preferred embodiment! 
the method further includes /testing the integrity of the seal in the interface • 
between the :-f^t^tub f ul9r /member and the second tubular member. Iu a^ r r 
preferred embodiment, the method furtiier includes catching th^ mandrel uppw* 
the completion of the extruding. In a preferred embodiment, the method . 
20 further includes drilling out the n^andrel. In a preferred embodiment the ^ 
method further includes supporting the mandrel with coiled tubing. In.,gi . ^ ^ 
preferred embodiment, the method further includes coupling the mandrel to a V4 ' 
drillable shoe. In a preferred embodiment, the fluidic material is injected into 
an expandable chamber. In a preferred embodiment, the expandable chamber * 
25 is substantially cylindrical. In a preferred embodiment, the expandable 

chamber is substantially annular. , . An apparatus has also been described 
that includes a wellbore, the wellbpre formed jby the process of drilling the 
wellbore; and a tubular liner positioned within the wellbore, the tubular liner 
formed by the process of extruding the tubular liner off of a mandrel whil 
drilling the wellbore. In a pr ferred embodiment, the tubular liner is formed by 
the process of: placing the tubular liner and mandrel within the wellbore; and 
pressurizing an interior portion of the tubvdar liner. In a, greferre^ 
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preferred embodiment, the support member includes one or more stabilizers. 
In a preferred embodiment, the mandrel is expandable. In a preferred 
embodiiheiit, the tubular member is fabricated from materials selected from the 
groiip "consisting of<)ilfield Country Tubiilar Goods, automotive grade steel, 
5 plastic and chromium steel. Ih a preferred embodiment, the tubular member 
has ! ihner and outer diameters ranging from about 0^75 to 47 inches and 1.05 to 
48 inches, f espectlveiy. In a prefer* ^d embodiment, the tubular member has a 
plasti<?yield point ranging from about 40,000 io 135,000 psi. In a preferred 
embodiment, the tubular member includes one or more sealing members at an 
10 end portion: In a pteiferred embodiment, the tubular member includes one or 
more pressure relief holes at an end portion. In a preferred embodiment; the 
tubular itfembfcr ^ 

down movement of ^manirel. 1 'in a, pr&eanred embodiment, the support 
member* comprises boiled tuning: In a preferred ^ ei^odiment, at least ;a pbrtion 
15 of the mandrel and shoe are driilable. \h a j^jfenred embodiment, the Wall 
thickness bf the tubular member in ah area adjacent to the mandrel is less than 
the wall thicknessloiF the tubular member in aii area that is not adjacent to the 
mandrel. In a preferred embodiment, the appaf a 

expandable chamber. In a preferred embodiment, the expandable chamber is 
20 approximately cylindrical; In a preferred embodiment, the expandable 
chamber is approximately annular. i ' ,n " : ^ 
Amfethodoffo 

tunnel including at least a firat tubular member and a second tubular member, 
the first tobidar membe greater than an outer 

25 diameter of the second tubulair member, has also been described that includes 
positioning the first tubular membier within the tunnel; positioning the second 
tubular member within the tunnel in an overlapping relationship with the first 
tubular member; positioning a mandrel and a drilling assembly within an 
interior region of the second tubular member' injecting a fluidic material within 

30 the rhandrel, drilling assembly and the second tubular member; extruding at 
least a jportiiih of the second tubular member ofT of the mandrel into 
engagement 'With the Grist tuWular lmemb^ drilling the tunnel.""' In a 
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expansion. In a preferred embodiment, the method further includes curing at 
least a portion of the fluidic material; and removing at least a portion of the. 
cured fluidic material located within the tubular liner. In a preferred 
embodiment, the method further includes overlapping the tubular- liner with an 
5 existing wellbore casing. In a preferred embodiment, the method further 

includes sealing the overlap between the tubular liner and the. crating yvrellfcore 
casing. In a preferred embodiment, the method further includes supporting the 
extruded tubular liner using the overlap with tfce existing wellbore casing. In a 
preferred embodiment, the method further includes testing the integrity; of the 

10 seal in the overlap between the tubular liner and the existing wettbore caging., . 
In a preferred embodiment, the method further includes lubricating the surface 
of the mandrel. In a preferred embodiment, the method S^^^Jn^lLd^> . V v ^ ^ 
absorbing shock. In a preferred embodiment, the ir^thod , fur^e;- i^qludes ^ 
catching the mandrel upon the completion of th^ extruding. In a preferred - 

15 embodiment, the method further includea expanding the mandrel in a radial 
direction. In a preferred embodiment, the method further includes drilling out 
the mandrel. In a preferred embodiment, the method furthe* includes " - 
supporting the mandrel with coiled tubing. In a preferred embpdiment^ tbe ^ 
wall thickness of the tubular member is variable. In a preferred embodiment, - 

20 the mandrel is coupled to a drillable shpe. 

An apparatus has also been described that includes a support member . 
the support member including a first fluid passage; a mandrel coupled to the , 

support member, the "mandrel including; a second fluid passage: a tubular 

• • ■ ■/ * > i. r-/. ..'/--.(ins r"\ _v "*{.^ j-n^-^ 0 ,T ; - ■ ' 

member coupled to the mandrel; and a shoe coupled to the tubular liner the 

25 shoe including a third fluid passage; and a <Wlljng assembly coupled to the slioe; 
wherein the first, second and third fluid passages and th^ dri^ng assembly are , 
operably coupled. In k preferred embodiment, the support member further 
includes: a pressure relief passage; and a flow control valve coupled to the first 
fluid passage and the pressure relief passage. In a preferred mbodim nt, the 

30 support member further includes a shpck ^ abs rber. In a preferred embodiment, 
the support member includes one or more sealing members adapted ixf prevent, 
foreign material from entering an interior region of the tubular member. In a 
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